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SECTION IV; FABRIC STUDIES. 
8. POTTERY SUPPLY IN NORTHERN ENGLAND IN THE FOURTH CENTURY. 
8.1. Dales Ware in the fourth century. 
It is in the fourth century that the distribution of Dalesware seems 
to take off in northern England (Table 8.1). Running north from 
Lincolnshire along the York road (Margary I. D. 1967) Dalesware is 
found for the first time at Castleford, and in reasonable quantity. 
The material from Castleford suggests that it now belongs in the 
core area of the distribution of the fabric centred on North 
Lincolnshire since not only the usual jar form is present, but also 
another jar type (J005.03) and a 'cheese strainer' (0003.01). 
North of Castleford at Cawood it is possible to estimate 
percentages by minimum number of rims from Corder's report (1935a) 
and Dalesware seems to supply c4% of the group, which extends 
throughout the fourth century. If an attempt is made to strip the 
late fourth century types out of this group then Dalesware would 
appear to comprise c6%of the earlier fourth century material. At 
York the Skeldergate well deposit, dating more to the mid fourth 
century, still contains quite a relatively large proportion of 
Dalesware, which if earlier residual material is excluded comprises 
around 8% of the group. 
North of York Dalesware is widely distributed throughout northern 
England but is a very minor element of supply. Of the groups 
examined in this study Dalesware is found at Vindolanda and Old 
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TABLE 8.1. 
Dalesware distribution in the fourth century. 
Site % by % by Wt. % by Min. % by Min. % by % 
sherd No. No. of No. of of rim 
rims vessels 
Castleford 
layer 260 eC4th 9.2 6.6 15.4 8.3 13.1 
Cawood e-mC4th - - c6 - - 
York; Skeldergate 
well mC4th 8.5 4.1 6.1 5.9 4.1 
Vindolanda 
layer 184 eC4th 0.5 0.7 3.3 1.7 4.0 
Old Penrith eC4th 0.7 0.8 3.7 3.4 3.6 
Poltross Burn 
Period III m-lC4th - - 4.2 - 1.0 
Brough-on-Humber 
Period VIII eC4th - - 18.2 7.7 28.7 
BII (4) eC4th - - 6.9 3.3 11.1 
FXII (3) mC4th - - 4.4 2.9 4.4 
Penrith in early fourth century deposits and as residual/heirloom 
material at Piercebridge and Binchester, but it is absent from Greta 
Bridge. At all these sites it represents less than 1% of the 
assemblage and it is clear that this is the case throughout the 
North-East and the North-West. Map 8.1 (based on Loughlin N. 1977, 
Fig 6, but excluding Dales types) shows the distribution of 
Dalesware in northern England The supply route north would appear to 
be along the main road from York to Corbridge. Loughlin noted that 
it ' requires more evidence from sites in Durham before this 
road can be shown to have taken Dales Ware and Dales type 
supplies up to the military garrisons in the north' (Loughlin 
N. 1977, p. 123). 
He went on to suggest that the sea route to the Tyne was likely 
to have been a major transport route. However, Dales Ware has now 
been recognised on all the sites in Durham along this route, so that 
it would appear to be a supply route to the frontier, whilst if 
supplies were arriving by sea, which should have been cheaper than 
supply by road, then it might be expected that South Shields would 
yield a significant quantity of Dalesware. However, only two sherds 
of Dalesware are illustrated from South Shields in the extensive 
reports of Gillam and Dore (1979, No. 169) and Dore (1983, No. 169) 
and the latter example may be an East Yorkshire copy rather than 
real Dalesware. 
That Dalesware did not cross into the North-West through the 
Stainmore Pass (Loughlin N. 1977, p. 123) is reinforced by the 
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absence of the fabric from the Greta Bridge groups. As Loughlin 
points out (p. 123) the route of Dalesware into the North-West 
appears to have been across the Aire Gap and then north into 
Cumbria. 
It remains, perhaps, rather puzzling that the distribution of 
Dalesware seems almost as wide in the North-West as it is in the 
North-East despite its having to be transported across the Pennines. 
The heavily tempered fabric of the vessels is clearly in direct 
competition with BB1 and calcite gritted wares (see Chapter 7, 
Section 7.7 below) and it might not therefore be expected to do well 
in the North-West where BB1 supply was plentiful in the early fourth 
century (see Section 6.2, below). There is also a marked contrast 
with the distribution of Dales-type wares which are mainly found in 
the North-East (see Chapter 7, Section 7.9. ) as Dalesware might 
have been expected to be and it seems that Loughlin's suggestion 
that Dalesware travelled as a container for some other commodity 
might find some support in this distribution. 
In East Yorkshire Dalesware is virtually absent except for a 
small cluster of sites around Brough-on-Humber. At Brough itself 
Dalesware supply seems to decline in the early fourth century, 
probably under competition from local handmade fabrics (see Section 
6.5, below) and perhaps also from calcite gritted ware though it was 
still well enough supplied to receive more than just the jar type 
(there being a bowl in Dalesware No. 594 from the mid-fourth century 
group). Around Brough Dalesware is found at North Newbald, Welton 
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Wold, Faxfleet and Keyingham presumably distributed from markets in 
Brough (Loughlin N. 1977) but throughout the rest of East 
Yorkshire there are only two known sites at Littlethorpe, Rudston 
and Beadlam (Loughlin N. 1977). The Beadlam examples comprise only 
8 sherds in 7,427. The reason for this absence is almost certainly 
competition from the local calcite gritted ware industry, and 
perhaps also the local centres imitating the Dalesware form (see 
Chapter 5, Section 5.9.2. ). The dated finds of Dalesware in 
northern England, excepting York and Brough-on-Humber, nearly all 
appear to be fourth century. At Vindolanda (Birley E. 1931, Fig. 3, 
No. 1) the example is from an early fourth century context as are 
the two examples from South Shields (Dore J. N. and Gillam J. P. 1979, 
No. 169; Dore J. N. 1983, No. 837; though the context of the latter 
is claimed as third century (p. 39) it contains a Crambeck bowl and 
therefore extends into, or is contaminated by fourth century 
material). In both the Vindolanda and Old Penrith groups examined 
Dalesware is only found in early fourth century groups and even at 
Brantingham the published example is fourth century. Also the 
extension of the area where Dalesware is found at levels of around 
10% of the assemblage advances from Doncaster in the third century 
through Castleford to York in the early fourth so that York moves 
from being an outlier in the distribution to being on the edge of 
the core area. This further supports the suggestion that it is in 
the early fourth century that most of the northern Dalesware 
arrived. 
290 
8.2.1. BB1 in the fourth century. 
Gillam has stated that 'In the early and middle years of the 
fourth century, the supremacy of the large factory producing 
black burnished kitchen ware was maintained. Occasional 
vessels in a different tradition, with its origins in the 
earliest phase of the British Iron Age, began to reach the 
military market from East Yorkshire' (Gillam J. P. 1955, p. 73). 
At that time he believed that after the 'Barbarian Conspiracy' of 
A. D. 367 ' the large factory which had made the black burnished wares 
succumbed and was never re-opened' (Gillam J. P. 1955, p. 73). 
After the demonstration by Farrar (1973) that BB1 originated in 
Dorset and continued to be made until the end of the fourth century 
this position was untenable and in 1976 Gillam produced his revised 
opinion that 'At one time this was thought to have been a direct 
consequence of the Picts' War. It now appears more likely that 
it was the result of competition, from Huntcliff ware in 
particular. Though technologically retrograde, Huntcliff ware 
was almost certainly cheaper to produce than BB1 and also 
cheaper to distribute in the north. ' (Gillam J. P. 1976, p. 59) 
Williams (1977) comments, 'This quite sudden drying up of BB1 
types in the north which had been relatively abundant in 
deposits dated prior to A. D. 367 is difficult to account for, 
and has given rise to suggestions that the 'factory' producing 
these wares was overrun and destroyed during the Picts' War. 
291 
Since the bulk of late BB1 pottery used in the north was 
unquestionably coming from Dorset, this is unlikely, and 
instead may rather have been due to the disruption of long- 
distance sea routes along the west coast at this time (Frere 
1967,362) and the army's preference for supplies of cooking 
wares that were close at hand (Frere 1967,357). ' 
It is interesting to examine these views in the light of the 
evidence of the earlier fourth century distribution of BB1 (Table 
8.2). Firstly running along the line of the frontier at South 
Shields the data are scanty, but to risk judging by the small group 
from layer 30 (Dore J. N. 1983) BB1 had risen to 13% compared with 2% 
in the early third century when it was in competition with BB2. 
This is because no later third century material appears to be 
quantifiable for comparison (when BB2 had ceased to be imported, and 
therefore perhaps to compete with BB1 and reduce its distribution). 
Other gritted wares which might be regarded as being in competition 
with BB19 however, have risen to 54% of the group. At Apperley 
Dene, near Corbridge, (Greene K. 1978) BB1 is entirely absent from 
the stratified early fourth century material, 38% of which is in 
other heavily tempered fabrics. Further west, at the Carrawburgh 
Mithraeum the situation is different and BB1 has risen to 42% of the 
group, the highest figure it achieved at the site, though this is 
partly because the third century groups were functionally very 
unusual, whilst this group is more normal, but it is a very small 
group. 
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TABLE 8.2. 
The distribution of BB1 in the fourth century. 
Site % by % by Wt. % by Min. % by Min. % by % 
sherd No. No. of No. of of rim 
rims vessels 
South Shields eC4th 
layer 30 - - 13.3 - - 
Apperley Dene eC4th - - 0 - - 
Carrawburgh Mithraeum 
Period III eC4th - - 42 - - 
Vindolanda 
layer 184 eC4th 25.3 19.3 20.0 13.8 11.1 
Old Penrith eC4th 73.1 61.3 64.8 43.7 63.0 
Chester - - 46.9 - - 
Bath 45.5 44.0 - 39.7 59.0 
Greta Bridge 
Phase 5 eC4th 24.6 20.6 35.0 21.4 32.0 
Binchester 
Phase 8b mC4th 30.1 24.7 31.3 26.5 22.9 
York; Skeldergate 
well mC4th 3.9 4.3 9.1 5.9 5.6 
Castleford 
layer 260 eC4th 2.3 0.3 0 4.2 0 
Brough-on-Humber 
Period VIII eC4th - - 0 3.8 0 
BII (4) eC4th - - 6.9 3.3 4.2 
FXII (3) - - 0 0 0 
Malton mC4th 2.0 0.5 1.9 3.9 0 
At Vindolanda, where the figures are more reliable and there is a 
sound third century sequence for comparison, BB1 declines a little 
from the late third century peak, but it is still a major element in 
the early fourth century supply, however, other heavily tempered 
fabrics contribute c21% to the group. In the North-West at Old 
Penrith the picture is reversed, here BB1 reaches a peak in the 
early fourth century around 10% higher than the third century group 
and other gritted wares only account for 0.3% of the assemblage. 
The published data from Chester (Carrington P. 1980) show a slight 
decline compared with the third century, around 16% down at 47%, 
whilst the level of supply at Bath would appear to be similar (Table 
8.2; Evans J. and Millett M. forthcoming). 
Turning to north-east England, at Greta Bridge in the early 
fourth century BB1 has remained in a similar situation to the late 
third century at around a quarter of the assemblage, but other 
gritted wares had taken up around another 30% of the group. At 
Binchester the mid fourth century group from Phase 8b theoretically 
contains 25-30% of BB1, but much of this is in fact residual earlier 
material, which cannot be easily excluded without also removing 
contemporary material. That much of this is residual is shown by 
the fact that acute lattice decoration is still three times as 
common as obtuse lattice. Other gritted wares also take up around 
12.5% of the group. 
Further south at York the Skeldergate well deposit provides a 
mid-fourth century group which seems to have closed cA. D. 375, here 
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BB1 was reduced to c5%, less than in the early third century when 
BB2 may have been a competitor. Further south at Cawood the fourth 
century group published by Corder (1935a) contains no BB1 at all, 
whilst at Castleford the early fourth century ditch fills contained 
only around 2%, a fall of over 50% from the late third century. 
In East Yorkshire at Brough-on-Humber some BBl, probably 
residual, is present in the early fourth century groups but it is 
entirely absent from the mid fourth century group. Whilst at Malton 
most of the early-mid fourth century groups examined in this study 
contain only c2% of BB1 and a similar picture is to be found at 
Beadlam. It is entirely absent from the early-mid fourth century 
group at Hutton Ambo and the early fourth century group (layer 278) 
from the Rudston well. 
8.2.2. The distribution and marketing of BB1 in the early fourth 
century. 
It would seem clear from this evidence that BB1 was encountering 
difficulties in its domination of markets in north-eastern England 
early in the fourth century and that Gillam's view of BB1 continuing 
to dominate northern markets until the mid fourth century needs to 
be modified. The situation may be partly obscured by the dating of 
the groups discussed above in that it might be expected that groups 
towards the mid fourth century will contain less BB1 than those 
nearer the beginning of the century. There is some suggestion of this 
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from Binchester where BB1 comprises around 50% of the group from 
A458 in Phase 7 which seems to date to the late third or early 
fourth century but considerably less than 30% of the mid fourth 
century group from Phase 8b. So far as Gillam's suggestion that BB1 
was ousted from the North directly by competition from the centre 
producing Huntcliff type jars goes, this does not really seem to be 
the case. The process clearly begins earlier than he envisaged so 
that the calcite gritted ware production centre would appear to be 
Knapton and it is difficult to see calcite gritted wares alone as 
responsible for the decline of BB1. Calcite gritted wares seem to 
have been providing most of the competition at South Shields, 
Apperley Dene and Vindolanda, but at Greta Bridge it is a handmade 
gritted ware (fabric 182), whilst in the south, Dalesware and South 
Yorkshire products are responsible at Castleford and Dalesware as 
well as calcite gritted ware at Cawood and York. Although calcite 
gritted wares are a major element in the products replacing, or 
apparently competing with, BB1 the diversity of this competition 
leaves the impression that it is more a case of BB1 retreating from 
a market than of facing strong competition. This would appear to be 
related to transport costs over the Pennines since the supply of BB1 
in the North-West may still have been rising although the published 
evidence from Chester leaves some doubt about this. As the 
competitors to BB1 in the North-East do not generally seem to have 
been new industries, but in the main those already operating in the 
third century, it would seem more probable that the transport or 
production costs of BB1 had worsened rather than that they had 
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improved for the other industries. 
This picture of declining competitiveness in the earlier fourth 
century at first seems to reinforce the argument that BB1 ceased to 
be supplied to the North in the late fourth century because of East 
Yorkshire competition. This, however, is most unlikely for if BB1 
merely suffered from competition through the action of market forces 
then it might be expected to maintain markets in the North-West even 
if only in coastal areas of the North-West whence BB1 is assumed to 
have been transported almost entirely by sea whilst East 
Yorkshire products were travelling up to 180km. by land over the 
Pennines. One of the curious things about the disappearance of BB1 
in the North is that it is relatively sudden, and it seems difficult 
to visualise market forces wiping it out from the North-West in what 
can have been little more than a decade. Another point is the 
curious nature of the Huntcliff type and Crambeck distributions 
which succeed BB1 (see Section 8.8.3 below) which do not conform to 
normal economic patterns and which may suggest some form of 
administrative or social constraint. Williams suggests that the 
transport costs of BB1 worsened again so that it became uneconomic 
to ship to the north but the end of BB1 would seem most likely due 
to administrative action reorganising the methods of supply to the 
military (see Section 8.8.3 below). 
8.3.1. The Holme-on-Spalding Moor industry in the fourth century. 
The Holme-on-Spalding Moor industry seems to have really taken off 
296 
The distribution of Holme-on-Spalding Moor type fabrics in the 
fourth century. 
Site % by % by Wt. % by Min. % by Min. % by % 
sherd No. No. of No. of of rim 
rims vessels 
Brough-on-Humber 
Period VIII eC4th 
Fabric 200 - - 9.1 3.8 6.1 
Fabric 165 - - 18.2 19.2 20.1 
BII (4) eC4th 
Fabric 200 - - 31.0 18.3 37.4 
Fabric 165 - - 6.9 3.3 5.1 
FXII (3) mC4th 
Fabric 200 - - 27.9 28.8 34.7 
Fabric 165 - - 20.6 14.4 16.7 
Malton mC4th 0.7 0.4 1.9 1.6 2.4 
Beadlam 
N. of N. Wing C 
eC4th 14.9 22.8 66.7 15.6 82.1 
DXIISE Occn. mC4th 0.5 2.7 2.4 1.4 7.8 
All lC4th 1.3 2.0 3.3 2.8 4.1 
York; Skeldergate 
well mC4th 5.2 11.8 6.1 3.5 3.9 
Castleford 
layer 260 eC4th 2.3 4.5 3.8 1.4 6.2 
in the early fourth century in East Yorkshire (Table 8.3). At 
Brough-on-Humber certain Throlam fabrics rise to between 20 and 35% 
of the groups whilst fabrics which probably originate from Holme 
rise to between 30 and 50% of the groups. As the higher totals are 
for the group from FXII (3), which dates towards the mid fourth 
century, Holme would still appear to be expanding in the middle of 
the century. 
The functional breakdown of probable Holme products from the site 
also shows that production had diversified from the third century 
concentration on jars to a whole range of tablewares with as many 
dishes/bowls as jars and a good many flagons (Table 8.4). 
TABLE 8.4. 
Functional analysis of Holme products at Brough-on-Humber in the 
fourth century. 
Jars Bowls Dishes Beakers Lids Flagons n. 
40.5% 35.7% 4.8% 4.8% ' 2.4% 11.9% 42 
It is in this period that carinated jars (J018.01) in Holme fabric 
appear and both the everted rimmed pitchers (F007.01), the step 
necked pitchers (F008.01, F008.04 and F010.05) and many flanged 
bowls (B005.02). In the environs of Brough at Brantingham villa 
(Rigby V. 1973), to judge by the small published early fourth 
century group, Holme products were also supplying most of the 
greywares. 
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Moving north within East Yorkshire, Holme products seem to have 
reached Rudston in far greater quantities in the early fourth 
century. The illustrated material from the early fourth century 
well deposit (layer 278) includes 21 items attributed to Holme but 
none to Norton and it would seem that the Holme industry was 
displacing Norton as a major greyware supplier to the site. The 
published figures (Rigby V. 1980, p. 89) do not isolate Holme fabric 
from other greywares but it would appear that Holme provided a 
minimum of 22% and a maximum of 60% of the group. The forms 
represented mainly comprise everted rim (F007.01) and step necked 
flagons (F008.01, F008.03, F008.05) and handled jars (J002.01, 
J009.01 and J012.01), of which the latter, Corder's 'rectangular 
outbent' type seem to predominate) with a few flanged bowls 
(B005.02). There are no dishes and few bowls but this is probably a 
product of the functional bias of the group. Holme wares are still 
present , though in much reduced quantities, in the 
late fourth 
century well deposits (Layers 266-7 and 268-9). The types seem 
reduced to the flanged bowls (Rigby V. 1980; Nos. 297 and 298) with 
the handled jars and pitchers replaced by calcite gritted jars and 
Crambeck countersunk handled ones whilst the flanged bowls also had 
competition from Crambeck ones. 
At Langton in the early fourth century group from hypocaust 5 of 
the villa two of the 12 illustrated vessels are described as Throlam 
products, a wide-mouthed jar (J015.06) and a handled jar (JO11.01), 
which suggests that Holme wares were arriving in some quantity at 
the site .A little to the north-west of Langton at Hutton Ambo, 
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adjacent to the Crambeck kiln site, the mid fourth century group 
examined in this study lacks Holme wares, as might be expected given 
that the kiln site is on its doorstep. A similar shortage is 
noticeable at Malton, Corder stated that 'Throlam wares did not 
reach Malton (1930) and there is no evidence of them from his 
report on the forts, neither are there any obvious Holme forms 
figured by Mitchelson (1964) whilst in the four small groups 
examined in this study possible Holme type wares are found at around 
1% in two groups. 
To the east of Malton Holme wares appear to be absent from both 
Elmswell (Congreave A. L. 1937, Congreave A. L. 1938 , Corder P. 1940) 
and Crossgates (Corder P. 1958) though there is one vessel from the 
Scarborough Signal Station (Hull M. R. 1932, type 16) which could be 
from the industry, and Corder and Kirk (1932) record one vessel from 
the vicinity of Knapton. There is also one vessel from the 
Huntcliff Signal Station, a carinated jar (J018.03; Sample 09), 
which the N. A. A. suggests is more probably a Holme vessel than a 
Norton product (see above Chapter 7, Section 7.7.2). The general 
absence of Holme types in the area around Malton and to its east is 
probably due. to competition from the local industries, Norton in the 
third century and Crambeck and to a minor extent Norton in the 
fourth. 
To the west of Malton at the Beadlam villa Holme products are 
found at a consistent if fairly low level. The very small early 
fourth century group ('North of North Wing C') has a level of around 
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15-20% of Holme products whilst the type is absent from the earlier 
fourth century group 'LB-Courtyard under yard surface' and runs at 
about 5% in the group 'LB-north of North Wing B' which spans the 
whole fourth century whilst it is at a level of 2-3% in the mid 
fourth century group 'DXII SE etc; Occupation . In the late fourth 
century groups as a whole (7,427 sherds) the fabric represents 2-3% 
of the assemblage a fairly respectable level considering that there 
is little apparently residual material in these groups. The 
functional breakdown of all the Holme vessels from earlier fourth 
century deposits is 3 jars, 2 bowls and 4 dishes. This is a small 
group but it shows the same general picture as Brough with emphasis 
on tablewares rather than jars. In the late fourth century groups 
some 35 vessels were identified by form and the percentages for each 
functional group are shown in Table 8.5 which can 
Jars Bowls 
37.7% 37.7% 
TABLE 8.5 
Dishes Beakers Lids 
11.6% 2.9% 0 
Flagons n. 
11.6% 35 
be compared with Table 8.4 for the earlier fourth century Brough 
deposits. The Beadlam figures tend to suggest a further development 
in emphasis on tablewares with the dish/bowl percentage exceeding 
that of jars, though this ratio could be the product of functional 
factors to some extent. 
Outside East Yorkshire the distribution of Holme wares seems to 
be very thin and generally restricted to Yorkshire (Map 8.2). At 
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York the fabric is present in the Skeldergate well deposit in small 
quantities in the mid fourth century, probably at around 5%, whereas 
there is no evidence of Holme products reaching York in the third 
century from the published evidence e. g. Trentholme Drive (Gillam 
J. P. 1968) and Corder stated in 1930 that the type was not known 
from York. 
To the south at Cawood the published fourth century group (Corder 
P. 1935a) does not note any Holme fabrics though No. 26 is very 
close to Throlam Nos. 89 and 91 and is probably a Holme product. 
Similarly the wide-mouthed jars, Nos. 13-18, are stated in the 
report to be Crambeck, but it seems more probable that at least some 
of them are Holme products. it might, therefore, be estimated that 
Holme wares comprise between 2 and 25% of the fourth century group. 
Further south at Castleford small quantities of Holme ware appear 
to reach the site for the first time in the early fourth century, 
comprising c2-5% of the group, representing one wide-mouthed jar 
(J015.06). 
On the frontier there is little sign of Holme products. There is 
a wide-mouthed jar from Ebchester (J015.08; Harper R., Reed A. and 
Dodds W. 1964, Fig. 5, No. 8) and probably a flanged bowl from South 
Shields (B005.02; Dore J. N. and Gillam J. P. 197 , No. 225). There 
are also two wide mouthed jars, one from Carrawburgh (Gillam 
J. P. 1951, No. 44; early fourth century context) and the other from 
Carpow (Birley E. and Dodds W. 1963-4, Fig. 8, No. 1; probably 
fourth century like the hammerhead mortaria from the site) which are 
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probably Holme products though they could be from Norton. 
8.3.2. The development of the Holme-on-Spalding Moor industry in the 
fourth century. 
It is interesting that Holme products seem to have been marketed 
very little outside East Yorkshire, and the data give the impression 
that they were much less widely marketed in the North-East than 
Norton products, which still seem to be appearing in the North-East 
in the early fourth century. However, within East Yorkshire Holme 
products seem to have expanded north taking much of the market that 
was formerly dominated by Norton and providing quite strong 
competition to the newly developing centre at Crambeck. 
In the late fourth century Holme does not necessarily seem to 
have ceased production, but its markets seem to have been 
considerably reduced by the Crambeck industry. There are no late 
fourth century deposits from Brough which would provide an 
indication of the scale of the decline but the amount of Holme 
material still appearing at Rudston and Beadlam argues against a 
complete cessation of supply. Absence from the Signal Stations and 
the frontier is not relevant in discussing the date of Holme wares 
since they do not ever seem to have penetrated into the wider 
northern market or far into the area north-east of Malton. 
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8.3.3. Chronology. 
The chronology of the Holme-on-Spalding Moor types is fairly clear 
in outline, but it can probably be improved considerably as a result 
of seriation of the kiln site material. It has been argued above 
that the Bursea kiln site is third century whilst both Hasholme and 
Tholam were in production in the fourth and Throlam, at least, from 
the absence of associated finds, is unlikely to have been in 
production in the third. 
The evidence from Brough-on-Humber suggests that in the early-mid 
third century small jars, wide mouthed jars and bowls, lids and 
beakers were in production. These types seem to have remained in 
the repertoire through to the mid fourth century and their presence 
in the late fourth century deposits at Beadlam suggest that they 
continued into the later fourth century. The earliest appearance of 
the flanged bowl (B005.02) at Brough is in GII (10) which Wacher 
dates to the late third century (1969, p. 69) and it is in this 
deposit that Corder's 'rectangular outbent' (J0012.01) rimmed 
handled jars are first recorded on the site. The earliest flanged 
bowl from Rudston also confirms a late third century date for the 
type (Rigby V. 1980, No. 181). It is clear from both Brough and 
Rudston that the flanged bowls, some decorated with wavy lines, are 
amongst the commonest Holme types in the fourth century. In the 
fourth century groups at Brough two new types emerge, the carinated 
jar and flagons, both with everted rims and step-necks. Similar 
evidence for the flagons comes from Rudston where they are very 
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common in the early fourth century well deposit (layer 278) together 
with the 'rectangular outbent' rimmed jars. 
As noted above (Chapter 7, Section 7.3.2. ) Rigby claims to have 
Holme carinated jars from third century groups at Rudston but the 
evidence from Brough and the absence of the type from the Bursea 
kiln site both suggest that these are mis-attributed Norton 
products. The late fourth century groups from Beadlam and the 
Rudston well are both dominated by flanged bowls, like the mid 
fourth century group from Brough but the Beadlam group especially 
suggests that most of the other types continued with the exception, 
possibly, of the pitchers (F007.01-. 03). As there appear to be no 
new types emerging in this period and production was probably 
declining markedly the chances of finding a late production site 
must be low as dating must rely on the presence of outside material. 
The presence of a carinated jar (J018.03) in a fabric which the 
N. A. A. associates with Holme rather than Norton (Chapter 7, Section 
7.7.2) at the Huntcliff Signal Station also implies that production 
continued after cA. D. 375, since the site was built de novo and the 
vessel cannot therefore have been residual. 
Late fourth century material is associated with the Throlam kiln 
site but it is not recorded if it was stratified; Crambeck parchment 
ware type 8 and Hunteliff type jar rims are found at Bursea 
(personal inspection) but are stratified well above the kiln 
sequence, so that the presence of such material on a kiln site is no 
sure indicator of actual production. However, the scattering of 
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late fourth century Crambeck and Huntcliff types in the Holme area 
(Halkon P. 1983, Fig. 3) does suggest that the area was not deserted 
owing to flooding in the late fourth century (contra Ramm H. 1978, 
pp. 48-9) whatever may have been the case at Brough and this cannot 
be used as a reason for the decline of the Holme industry. It seems 
likely that production continued into the later fourth century, but 
for how long it is not clear, as there are no good indications that 
it went on into the fifth century, unlike Crambeck and Huntcliff. 
8.4.1. Calcite gritted wares in the early fourth century. 
Knapton type jars in the early fourth century have been discussed 
above (Chapter 7, Section 7.4) together with the third century 
examples and late fourth century calcite gritted wares will be 
discussed below (Section 6.10). Here it is intended to examine the 
other fourth century forms apparently produced at Knapton. The 
kilns site itself yields little evidence and only one example of the 
type is illustrated (No. 10). They are presumably basically derived 
from the Knapton type jar, perhaps stimulated by the tournette 
technique for finishing rims. The common jar types are those with 
an S-bend profile (J009.03), those with horizontal everted rims 
(J010.01), those with overhanging rims (J013.03; Rigby's 'proto- 
Huntcliff' type e. g. Rudston No. 280) and those in Huntcliff form 
but lacking an internal groove and with a shoulder which may not be 
as marked (J013.02). Along with the jars simple dishes continued to 
be produced and a few flanged bowls seem to have commenced 
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Table 8.6. 
The distribution of calcite gritted wares in the early fourth 
century. 
Site % by % by Wt. % by Min. % by Min. 7. by % 
sherd No. No. of No. of of rim 
rims vessels 
Malton mC4th 43.1 46.4 40.4 22.7 37.8 
Hutton Ambo eC4th 7.1 3.2 5.0 4.2 2.3 
Beadlam 
N. of N. Wing C 
eC4th 8.5 5.0 0 12.5 0 
DXIISE 51.8 51.6 34.1 25.4 32.4 
Brough-on-Humber 
Period VIII eC4th - - 0 0 
0 
BII (4) eC4th - - 0 0 
0 
FXII (3) mC4th - - 4.4 2.9 
2.9 
Castleford 
layer 260 eC4th 0.8 1.5 3.8 1.4 
0 
York; Skeldergate 
well mC4th 20.3 22.5 33.3 20.0 18.4 
Greta Bridge 
Phase 5 eC4th 7.8 8.7 2.5 2.7 10.4 
Binchester 
Phase 8b mC4th 11.9 23.9 14.6 13.3 10.5 
Apperley Dene 
eC4th - - 28 - - 
South Shields 
layer 30 eC4th - - 47 - - 
Vindolanda 
layer 184 eC4th 17.0 13.2 16.7 12.1 
9.5 
Bewcastle C3rd-eC4 th 0.5 0.4 1.7 0.8 0 
production in this period. 
At Malton in the early fourth century vicus deposits examined in 
this study calcite gritted wares accounted for between 30-50% of the 
assemblage and 40% by minimum number of rims (Table 8.6). Of this 
40% by minimum number of rims only 6% were of Knapton type whilst of 
the rest of the jars 18% were of the S-bend, flat rimmed and proto- 
Huntcliff group, the remainder being made up by a lid, two flanged 
bowls and five simple rimmed dishes. 
The functional breakdown of the early fourth century calcite 
gritted wares is interesting (Table 8.7) and it is unfortunate that 
there are no quantified third century groups with which to compare 
them. Although jars form the majority of the group there is quite a 
heavy emphasis on dishes and bowls and it seems likely that there is 
an increased emphasis on these latter compared with the third 
century. 
.. A--e9 
Functional analysis of mid-fourth century calcite gritted wares at 
Malton. 
Dishes Bowls Jars Lids n. 
25% 10% 60% 5% 20 
In the early fourth century in the Rudston well deposit, slightly 
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further from Knapton than Malton, calcite gritted wares form 38.5% 
(by minimum number of rims) of the group (Rigby V. 1980, p. 89). 
This percentage breaks down into 4.7% Knapton type, 18.9% S-bend and 
flat-rimmed type and 14.9% Dales-type (see Chapter 7, Section 7.9 
for a discussion of Dales-type wares). The Dales-type wares are 
probably from another, more local, source, leaving 23.6% of probable 
Knapton origin. The functional breakdown of the calcite gritted 
wares is that 100% are jars, this probably owing to the functional 
bias of this well deposit. 
To the east of Knapton at Crossgates, if an attempt is made to 
strip first century and later fourth century material from Corder's 
figures (Corder P. 1958, p. 35) then around 62% (by minimum number 
of rims) of the earlier fourth century material is calcite gritted 
ware, though these figures are rather speculative (see Chapter 7, 
Section 7.4.2). Of the calcite gritted wares around 347. are in S- 
bend and proto-Huntcliff forms, 16% in Knapton type and 6.5% are 
dishes. The functional breakdown of the early fourth century 
material is between 89 and 72% jars and 12 and 28% dishes and bowls 
with the former figures probably nearer to the real results. This 
shows a markedly higher percentage of jars than at Malton, but this 
may well be a reflection of overall functional variations between 
the two sites (see Chapter 5, Section 5.3 above). 
At Elmswell none of the stratified groups appear to be early 
fourth century except for some very small groups from Elmswell II 
(Congreave A. L. 1938) which contained a flanged bowl and a bead 
307 
rimmed dish (Fig. 5). At Langton villa the early fourth century 
deposit from the filling of hypocaust 5 (Corder P. and Kirk 
J. L. 1932, Fig. 4) illustrated a good number of S-bend type rims 
(Nos. 5-10) and one which is quite similar to late BB1 jar rim form 
(No. 4). 
At Hutton Ambo the early-mid fourth century group examined in 
this study only contains c5% of calcite gritted ware and a single S- 
bend type rim, but this low figure is explained by the site being 
adjacent to the Crambeck kiln site. At Beadlam the very small early 
fourth century group ('North of North Wing C') only contains 8-12Z 
of calcite gritted wares also, though it is rather small to be 
reliable and it may perhaps be influenced by functional factors (see 
Chapter 5 above). The mid fourth century group from 'DXIISE 
Occupation which is of a reasonable size and must run up to around 
the early 370's contains 30-50% of the fabric. The functional 
breakdown of the calcite gritted wares in this group is shown in 
Table 8.8. 
flI . fl. " nn 
The functional breakdown of calcite gritted ware from Beadlam DXIISE 
Occupation. 
Dishes Bowls Jars Lids 
13% 7% 73% 7% n-15. 
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The function figures seem comparable with those estimated for 
Crossgates above though they have a rather greater emphasis on jars 
than the Malton figures. This is not due to overall functional 
differences between the two groups (see Chapter 5, Table 5.3 above) 
though it may reflect a greater emphasis on cooking vessels in the 
Beadlam, and perhaps the Crossgates, groups. 
Turning south- to Brough-on-Humber two of the fourth century 
groups examined, which seem to span the earlier fourth century, lack 
any calcite gritted ware, like the third century groups, but in 
FXII(3) and FXIV(4) the type finally penetrates the Brough market, 
though only at a level of around 3%. The slowness of calcite 
gritted wares to be supplied to Brough probably owes much to the 
production of a local handmade, gritted fabric in the early fourth 
century, fabric 281 (see below Section 8.5). 
Outside East Yorkshire but remaining in Yorkshire at Castleford 
calcite gritted ware arrives in very small quantities (c1%) in the 
early fourth century. North of Castleford, at Cawoood (Corder 
P. 1935a) calcite gritted wares form 23% by minimum number of rims 
of the groups representing all of the fourth century, if late fourth 
century types are eliminated from the figures then they would appear 
to form around 12% of the remainder, though these figures are a 
little dubious and it is also possible that some of the proto- 
Huntcliff type rims actually arrived in the late fourth century. 
Further north at York, in the mid-fourth century Skeldergate well 
fill, a group which closes cA. D. 360-75, calcite gritted wares 
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comprise around 20% of the assemblage. The fall-off between York 
and Castleford rather gives the impression that York was the market 
centre from which this material was distributed. 
Regrettably no site data is available for this period between 
York and Greta Bridge where calcite gritted wares form around 7% of 
the early fourth century group. To the north-east of Greta Bridge 
at Binchester calcite gritted ware is absent from the late third- 
early fourth century group from Phase 7 but comprises between 11% 
and 24% of the mid fourth century group from Phase 8b. At the 
civilian settlement of Apperley Dene (Greene K. 1978) calcite 
gritted wares form 28% by minimum number of rims of the stratified 
early fourth century material, whilst east of this at the coastal 
fort at South Shields (Dore J. N. 1983) figures derived from a small 
mid fourth century group (layer 30) suggest a level of 47% calcite 
gritted ware, though this group is too small to be very reliable. 
Moving westwards into the Pennines the level of supply drops to 8% 
by minimum number of rims in period III of the Carrawburgh 
Mithraeum, another small and unreliable group (Richmond I. A. and 
Gillam J. P. 1951). A little further to the west at Vindolanda the 
level of supply is around 16% , whilst a group 
from Bewcastle in the 
North-West which spans the later third century and runs up to 
cA. D. 320, the fabric is present but at around 1% of the group. 
Calcite gritted ware is absent from the fairly large early fourth 
century group examined from old Penrith. 
The data is not as good as might be wished but the general trend 
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of an east-west fall-off along Hadrian's Wall is clear with very 
little calcite gritted ware penetrating into the North-West where it 
faced strong competition from BBl. It would seem clear that York is 
the major focus of the distribution in Yorkshire, outside Parisian 
territory, but the level of supply at York in the mid fourth century 
(which would appear to be generally greater than early in the 
century) seems rather too low if calcite gritted wares were being 
transported north by road to Hadrian's Wall. This especially seems 
so given that the Binchester group is of a similar mid fourth 
century date and therefore must be directly comparable with the York 
group, whereas several of the others may be a little earlier. The 
figure from South Shields is not very secure but it would seem 
likely from the data that calcite gritted wares were being shipped 
to South Shields and marketed from there along the frontier. 
8.4.2. Chronology. 
The emergence of the S-bend and flat rimmed calcite gritted jars is 
fairly clearly dated to around the beginning of the fourth century. 
It seems probable on typological grounds that the flat-rimmed type 
emerged later than the S-bend type, but if this is the case then it 
must have taken place rapidly and it certainly did not replace the 
former. The earliest S-bend type stratified on Hadrian's Wall is 
from Bewcastle which, on coin evidence, ceased to be occupied in the 
320's (Casey J. pers. comm. ). Similarly in East Yorkshire in the 
lower well fill at Rudston (layer 278) which post-dates a coin of 
311 
A. D. 293, S-bend and flat rim types have come to dominate the 
calcite gritted forms. The proto-Huntcliff overhanging rim type 
(J013.03) had certainly emerged by A. D. 345-6, as one containing a 
hoard ending at that date was found at Womersley, W. Riding (Pirrie 
E. 1967-70) and the near Huntcliff type, but lacking the internal 
groove, (J013.02) is found in the early fourth century Beadlam group 
'North of North Wing C'. 
It is clear that these earlier fourth century types, though 
declining in quantity, continued in use in the late fourth century. 
This rapidly becomes clear when the published finds of the types are 
mapped (Map 8.3) as they are as common in the North-West as in the 
North-East though calcite gritted wares barely penetrated into the 
North-West before the late fourth century. The types are absent 
from Huntcliff but they are found in late fourth-fifth century 
deposits at Piercebridge (layers HS77EX and HS77ES), Binchester 
(layers 1884,2037, and 2068) and in the Rudston and Langton wells 
(Rigby V. 1980, p. 89; Corder P. and Kirk J. L. 1932, Fig. 14, Nos. 3 
and 8 (J013.02)). 
8.5. Fabric 281. 
Fabric 281 is an interesting fabric, not previously recognised at 
Brough-on-Humber which appears to be its only market. It is a dark, 
coarsely gritted fabric, handmade though with the use of a slow 
wheel for at least some of the vessels and it is tempered with 
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abundant limestone inclusions, cO. 5-2mm, possibly occasional shell 
inclusions, and abundant quartz inclusions cO. 5-lmm. 
It first makes its appearance at Brough in the deposit GII(6) 
which Wacher dates to the late third century, but in very large 
quantities, which seems rather odd and gives the fabric a bimodal 
distribution (Table 8.9). 
TABLE 8.9. 
he incidence of fabric 281 at Brough-on-Humber. 
Site % by % by Wt. % by Min. % by Min. % by 7. 
sherd No. No. of No. of of rim 
rims vessels 
GII (13) C3rd -- 20.0 15.8 12.7 
Period VIII eC4th --9.1 7.7 4.9 
BII (4) eC4th --6.9 3.3 6.3 
FXII (3) mC4th -- 26.5 19.2 23.7 
It is also curious that other late third century groups, for example 
those examined from Period VII, do not contain any of the fabric at 
all and it is this sequence (GII(6), (10), (13)) that produces the 
earliest examples of common fourth century Holme types (see Section 
8.3.1 above). It seems possible, therefore, that Wacher has dated 
this sequence too early and that its true date lies in the fourth 
century perhaps even towards the mid fourth century. It seems 
probable that this local gritted ware fabric is one of the reasons 
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that the calcite gritted wares made such a poor showing at Brough in 
the fourth century and is, perhaps, also responsible for some of the 
decline in Dalesware. The potters clearly imitated well-known forms 
from other centres, there are two Dalestype jars, a Knapton type and 
an S-bend jar rim along with two others which may have been copying 
early fourth century calcite gritted types. There are also a good 
number of simple dishes, a few bowls and even a beaker. The 
functional breakdown of the types shows a distinct emphasis on 
tablewares, dishes and bowls, which suggest that the fabric may also 
have been trying to compete with local greyware suppliers. If the 
functional emphasis of this group on dishes is compared with the 
functional breakdown of Holme products on the site the reason for 
this becomes clearer. The Holme industry was supplying very few 
dishes, probably because it did not manufacture them in any 
quantity, and so fabric 281 had only to compete with more distant 
suppliers, such as Crambeck. Since Fabric 281 is only found at 
Brough amongst the sites examined in this study, and probably at 
Brantingham (see Chapter 7, Section 7.9 above) in a Dales-type, its 
production site is clearly very close to Brough (Rigby V. in Stead 
I. M. and Liversage J. 1973, No. 10). 
8.6.1. Gritted Wares. 
In 1968 Todd surveyed later Roman East Midlands coarsewares and 
pointed to the distribution of lid-seated jars in northern England 
(Todd M. 1968; Fig. 4). He suggested that' this is a Coritanian type 
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in origin, manufacture of which was also by Brigantian and Parisian 
potteries' (Todd M. 1968, p. 204), and that the 'Swanpool kilns and 
those at Crambeck, are the only known centres responsible for 
considerable production' (loc. cit. p. 205). Whilst Swanpool is 
probably responsible for considerable production that of Crambeck 
would appear to have been extremely negligible. The large groups 
examined in this study from Binchester and Beadlam have produced not 
one single example of this type in Crambeck fabric. Also vessels in 
this form in Crambeck greyware would be rather inferior since the 
form seems to have been that of a cooking vessel but Crambeck 
greyware was not well suited to this function. 
There appear to have been four main fabric types in vessels of 
lid-seated form in the study area. Two fabric types are retricted 
to the Beadlam villa site (fabrics 010 and 188) whilst the other two 
are generally restricted to the North-East (fabrics 182 and 118; 
Table 8.10). Fabric 188 is a very hard grey fabric with common 
translucent quartz inclusions cO. 3-2mm. and some ironstone 
inclusions, cO. 5-2mm., and very very occasional chalk inclusions c 
1mm. The fabric 188 material is very similar to the Cold Cam kiln 
material and is probably derived from this source. The earliest 
occurrence of this fabric at Beadlam is in the early ditch, though 
it seems very probable that this is intrusive. Otherwise the first 
occurrence is in the deposit from 'North of North Wing C' at around 
3% and it occurs in the deposits 'Courtyard under yard' and 'North 
of North Wing B' at about this level, though it is absent the other 
group more securely limited to the mid fourth century 'DKIISE 
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Occupation' and it is present at around the 2% level across all the 
late fourth century deposits. It would seem probable from this that 
the fabric was in use throughout the fourth century, including at 
least part of the late fourth. 
Fabric 010 is a hard dark grey fabric with a brown core 
containing common/abundant translucent sand temper cO. 4mm., it is 
visually distinct from fabric 188. It first occurs at Beadlam in 
the mid fourth century deposit 'LB Courtyard under yard surface' at 
a level of 2-5% and is found in the late fourth century deposits at 
a level of around 0.5%. The fabric is absent from the mid fourth 
century deposit 'DXIISE Occupation' and from the deposit 'North of 
North Wing B' which spans this period and the late fourth century. 
This fabric would seem to be in use in the mid-late fourth century, 
the apparent decline in the late fourth century may be deceptive 
though since it is absent from several other mid fourth century 
groups. This fabric is not very similar to the kiln material from 
Cold Cam, and seems to appear slightly later than fabric 188 which 
is, so that it would seem likely that it is from another minor kiln 
site rather than that centre. 
So far as function goes all twenty-four vessels in fabric 188 
from the late fourth century Beadlam deposits are jars, whilst six 
out of seven in fabric 010 are also with one lid. Given that this 
sort of fabric is basically adapted for cooking vessels (see Chapter 
5, Section 5.6 above) this is not unexpected, though it should be 
noted, as in the case of Dalesware, that lid-seated jars have 
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remarkably few actual lids in their fabrics to accompany them. If 
lid-seated jars were actually intended to have lids then they must 
have generally been wooden, or stone (there is an example of a third 
century jar with a stone stopper in it from the foundation trench of 
a Phase 7 structure at Binchester). 
The remaining two gritted wares have a rather wider distribution 
(Table 8.10), basically in north-eastern England. Fabric 118 is a 
hard grey wheelmade fabric with a paler grey core which has common 
translucent to black quartzite type inclusions cl-3 mm. It is found 
at less than 1% at Greta Bridge in the mid and late third century 
and at Bewcastle in the third-early fourth century group and it is 
also found at Old Penrith in the early fourth century. It is absent 
from the late third-early fourth century group from Phase 7 and the 
mid fourth century group from Phase 8b at Binchester but it is found 
in one of the late fourth century groups (A2068) at less than 1% and 
similarly at the Huntcliff Signal station. It is not found in the 
late fourth century Piercebridge deposits examined in this study but 
large quantities of it have been found in other Piercebridge groups 
(personal inspection of material in the Bowes Museum, Barnard 
Castle). this would seem to be a later third-early fourth century 
fabric type which is probably residual/heirloom material in late 
fourth century contexts. It seems likely that the origin of this 
fabric is Piercebridge where mortaria seems also to have been 
produced in this period (K. Hartley pers. comm. ). 
Fabric 182 is a handmade, dark grey fabric with common/abundant 
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TABLE 8.10. 
The distribution of gritted wares in the third and fourth centuries. 
Site % by % by Wt. % by Min. % by Min. % by % 
sherd No. No. of No. of of rim 
rims vessels 
Fabric 118 
Greta Bridge 
Phase 2 0.4 0.2 0 0.8 0 
Phase 4 0.8 0.6 0 1.7 0 
Bewcastle 0.2 0.1 0 0.8 0 
Old Penrith 
Early C4th 0.3 0.3 1.9 1.1 0 
Binchester 
A2068 0.6 0.3 0 0.9 0 
Huntcliff 0.8 0.5 2.0 2.9 0.8 
Fabric 182 
Greta Bridge 
Phase 4 0.2 0.7 0 0.6 0 
Phase 5 21.8 21.8 7.5 4.5 22.1 
Binchester 
Phase 8b 0.6 0.1 0 2.0 0 
Bewcastle 0.2 0.1 0 0.8 0 
Piercebridge 
US77EW 0.3 0.3 0 1.1 0 
RS77EX 0.9 0.4 0 1.6 0 
Malton 
mid fourth century 0.3 0.2 0 0.8 0 
Beadlam 
All late C4th 0.2 0.1 0.4 0.4 0.3 
Castleford 260 0.8 0.1 0 1.4 0 
TABLE 8.10 continued. 
The distribution of gritted wares in the third and fourth centuries. 
Site % by % by Wt. % by Min. % by Min. % by % 
sherd No. No. of No. of of rim 
rims vessels 
Fabric 010. 
Beadlam 
LB Courtyard 
under yard 2.5 6.5 4.8 1.8 13.2 
All late C4th 0.3 0.2 0.7 0.6 0.5 
Binchester 
A2037 0.2 0.1 1.1 0.5 0 
Vindolanda 184 0.5 0.4 0 0.9 0 
Fabric 188. 
Beadlam 
Ditch 1.1 0.7 9.1 5.1 4.9 
N of N Wing C 2.1 3.4 0 3.1 0 
N of N Wing B 2.6 2.0 3.3 3.4 3.2 
LB Courtyard 
under yard 3.6 3.2 4.8 1.8 0 
All late C4th 1.5 1.3 2.7 2.3 3.4 
translucent quartz inclusions clmm. The most significant site for 
this fabric is at Greta Bridge where very little occurs in the late 
third century phase 4 but in the early fourth century phase 5 the 
fabric amounts to around 20% of the assemblage. Elsewhere the 
fabric is found at Bewcastle and at Vindolanda, Castleford, Malton 
and Binchester in the early-mid fourth century, and at Piercebridge 
and Beadlam in the late fourth century. At all of these sites the 
fabric comprises less than 1% of the assemblage. It seems likely 
that the fabric is residual in late fourth century contexts and that 
production was limited to the early fourth century. The 
concentration of the fabric at Greta Bridge must imply that this was 
the production centre, or very close to it, and the fabric is 
actually found on a 'native site', Forcegarth (personal 
examination), in the vicinity. All vessels examined in this fabric 
were jars, as might be expected. 
8.6.2. N. A. A. of gritted wares. 
Eight sherds of gritted wares from northern sites have been 
sampled by N. A. A. together with one Dales type and one of 
Derbyshire ware (Sample Nos. K18, L8, L19, R18, S2, S3, T19 and T5 
and X1). The aims of this were to attempt to establish if any were 
of Hasholme or Cold Cam origin and to try to define the visually 
identified fabric groups. The three Clustan dendrograms are 
presented on Figures 8.1 to 8.3 and the two Principal Components 
plots on Figures 8.4 and 8.5. The main contributors to the first 
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Principal Component are positive values from Eu and Tb, whilst the 
Second has major positive contributions from Co and Rb and a 
negative one from Ce. The Third Principal Component has strong 
positive values from La, Pa and Cr. All three dendrograms clearly 
define the Hasholme gritted ware kiln group though two Cold Cam 
sherds are placed within it and both Ward's method and Flexible 
Beta. The Cold Cam kiln group has been split into two by all the 
Clustan methods, (this effect was noted before (see Chapter 4, 
Section 4.4.2.5) and is partly due to the method seeking spherical 
clusters whereas this rather dispersed group is rather more linear. ) 
The dendrograms and the Principal Components plots show that none of 
the site samples can be confidently associated with the Hasholme 
kiln group. Samples S19 (Fabric 010), N19 and T19 (fabric 188) and 
R18 and S2 (Fabric 182) are grouped with the Cold Cam kiln group by 
both the Ward's Method and Flexible Beta dendrograms. Samples N19 
and T19 come closest to the Cold Cam group on the two Principal 
Components plots, but neither can be confidently associated with 
this. Samples N19 and T19 are visually the most similar to the Cold 
Cam fabric, though samples T19 is from an early third century 
context and therefore most unlikely to come from this source. 
Sample X1, the sherd of Derbyshire ware, is grouped in with the 
second standards by all methods and is reasonably well separated 
from the rest of the samples. The three samples of fabric 182 (s2, 
S3 and R18) are fairly widely scattered and obviously do not form 
part of a tightly defined group which can easily be distinguished 
from Hasholme or the other samples. Two samples of fabric 118 are 
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tightly grouped together (K18 and L8), suggesting that further 
attempts at a chemical definition of this fabric may be successful, 
whilst the third sherd (Sample L19) which was regarded as doubtful 
is placed well apart from them. 
Given that it is not very likely that the samples of fabric 188 
nor that of fabric 010 from the northern sites are related to the 
Cold Cam group it seems probable that these are from a different 
source to the sherds placed in those groups from Beadlam, which 
because of their proximity to the Cold Cam kiln would seem likely to 
originate from that source. 
It is desirable that more sherds of fabric 118 should be sampled 
so that this group can be characterised properly and the same is 
true of fabric 182, though it would appear from the results so far 
obtained that fabric 182 forms a chemically diverse group which is 
not likely to be capable of close chemical characterisation. 
8.7. Fabric 282. 
Fabric 282 is part of the calcite gritted ware family and it has 
not previously been rigourously isolated as a separate fabric group, 
although all those vessels described as Fabric 2e in the Rudston 
report (Rigby V. 1980) would appear to belong in this group. The 
fabric is handmade, brown-grey in colour, often with brown surfaces, 
and has common coarsish sand temper cO. 3-0.4mm. and some calcite 
inclusions cl-5mm. It differs from the Knapton/Huntcliff type 
320 
calcite gritted ware (Fabric 009) in having sand tempering and in 
the reduced amount of calcite. It is also generally distinguishable 
by its generally brown, rather than dark-grey to black, surfaces and 
in the common use of decoration usually hand burnishing and incised 
grooves. 
At Rudston the fabric seems to be confined (to judge by the lack 
of recognisable forms or reference to fabric 2e) to the fourth 
century well deposits where it is retricted to loop handled jars, 
generally of the Huntcliff type rim form (J005.01) and its variants. 
The fabric seems first to appear in the early fourth century group 
(layer 278) (Table 8.11) where it cannot exceed 2% (by minimum 
number of rims) of the group and the illustrated form (No. 248) is a 
handled version of the S-bend calcite gritted jar (J009.03) and a 
further example of this type, a handled version of the flat rimmed 
calcite gritted jar (No. 274; J010.01) is also found in a mid fourth 
century group (layer 276). In the late fourth century group the 
percentage of 'pitchers' , all of which appear to 
be in this fabric 
to judge by the illustrated examples, rises to 41.5%. The rise of 
this fabric at Rudston in the late fourth century is not achieved at 
the expense of other calcite gritted wares as it might appear, in 
fact they rise from 38.5% of the early fourth century group to 47.9% 
bf the late group, rather, given that there is little doubt that in 
the context of the Rudston well these vessels were used for drawing 
water, they have replaced the Holme pitchers and must have competed 
with the Crambeck type 3 countersunk handled jars. 
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TABLE 8.11. 
Distribution of fabric 282. 
Site % by % by Wt. % by Min. % by Min. % by 
% 
sherd No. No. of No. of of rim 
rims vessels 
Rudston well 
layer 278 eC4th - - c2 - - 
layers 266-7 - - c41.5 - - 
East Heslerton lC4th - - 10.7 - - 
Filey Signal 
Station 1C4th - - 2.5 - _ 
Scarborough Signal 
Station lC4th - - 0.6 - - 
Beadlam 
N. of N. Wing C 
eC4th 2.1 3.7 0 3.1 0 
DXIISE Occn. mC4th 2.6 3.8 2.4 1.4 
3.5 
All lC4th 6.1 8.0 2.8 4.7 3.1 
The emphasis in this fabric on the production of handled jars, 
has probably led, owing to the functional bias of the Rudston Well 
deposit, (see Chapter 5, Section 5.3) to the over-representation of 
this fabric in the late fourth century group at Rudston and the 
Beadlam data provide a more restrained view of the rise of the 
fabric in the fourth century. 
At Beadlam the fabric is found at around 2% in the very small 
group 'North of North Wing Co probably fairly early in the first 
half of the fourth century. The group 'DXII SE Occupation' which 
appears to fall in the mid fourth century, ending around cA. D. 360- 
370 also contains the fabric at a level of around 2% whilst in the 
combined total of all the late fourth century deposits from the site 
the figure rises to around 6%. The functional breakdown of this 
fabric in the late fourth century is 100% jars (n-26) and the only 
other function represented is a dish from 'DXII SE Occupation' which 
may have been misattributed. The Huntcliff type rim (J005.01) is by 
far the major jar form, probably all with handles, representing 16 
out of 26 rims. 
The fabric is absent from Brough-on-Humber and from the early-mid 
fourth century groups examined in this study at Malton but it does 
occur at East Heslerton and in the Signal Stations report (Hull M. R. 
1932, type 22) at Filey and Scarborough. At East Heslerton the 
fabric is present at 10.7% by minimum number of rims and although 
this group is quantified solely by this method and is derived from 
fieldwalking, not excavation, this would seem to be a clear increase 
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on the level of supply at Beadlam. At the Carr Naze site, Filey, 
fabric 282 forms at least 2.5% by minimum number of rims of the 
group whilst moving north to the much larger Scarborough group the 
figure falls to 0.6%. It is possible that the fabric found on these 
two sites in other forms, but as the two-handled jar appears to be 
the chief form in production it is unlikely that these figures 
should be revised upwards by any significant amount. 
Even after allowance is made for the functional bias of the 
Rudston well deposit it is clear that the kiln site for this type 
must lie somewhere in the vicinity of that site. If this is the 
case it seems at first odd that less of the fabric reached Filey, 
about 15km. from Rudston, than reached Beadlam, at c49km. The 
reason for this may be the location of the site producing Huntcliff 
type calcite gritted ware. It seems probable, though for few 
specific reasons, that the centre producing Huntcliff type wares was 
located at the eastern end of the Vale of Pickering, near to 
Scarborough and Filey, and should this prove to be the case then 
competition from this centre would explain the rapid fall-off in 
this fabric north from Rudston. The absence of the type from Malton 
is not very significant without the examination of any large late 
fourth century groups but it does rather imply that the town was not 
used as a marketing centre for the fabric. Given the limited nature 
of the distribution in East Yorkshire, though with quite high values 
at the site on which it is found, it would not seem improbable that 
the potters were actually marketing the goods directly as travelling 
pedlars (Map 8.4). 
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Outside East Yorkshire there are two published examples probably 
in fabric 282 from western Yorkshire at Cawood and Wetherby (Corder 
P. 1935a, No. 12; Kitson-Clark M. 1934, No. 24). 
8.8.1 Crambeck in the early fourth century. 
The Crambeck industry seems to have started production at the end of 
the third century with a range of greyware types and it produced 
some oxidised wares and flanged parchment ware mortaria in the early 
fourth century, though not necessarily from its beginnings. The 
forms produced give little clear indication of the origins of the 
industry: types 1,2,2a, 5, and 6 are common to many industries, 
whilst type la appears to be unique to Crambeck. Type 4, the wide- 
mouthed jar/bowl is essentially a Holme form whilst the Norton 
variant of this type is represented by nos. 143-6 (Corder P. 1928). 
Type 3a appears to derive from Norton type 4 and ultimately from 
North Lincolnshire (Rigby V. and Stead I. M. 1976; Dragonby type 6 
and Roxby type 38) but these types have applied rather than 
countersunk handles whilst type 3 has no real parallels in the 
region other than type 3a from which, perhaps, it evolved. Type 14 
and especially the parchment ware variant of this form (Rigby 
V. 1980, No. 225) must originate from Holme stepped-neck flagons. 
The range of early Crambeck forms provide even less evidence than 
the kilns for Swan's claim that 'some time in the 330's or 340's 
pottery production began at Crambeck.... this development almost 
certainly involved potters from Norton' (1984, p. 111). Major 
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Norton types such as the carinated jar (Norton type 10) are not 
represented at all at the Crambeck kilns (though one example is 
known from Beadlam) whilst common early Crambeck forms such as types 
la and 3 are not found at Norton and the commonest early Crambeck 
form type 1 is very rare at Norton. 
Apart from Swan's suggestion of a Norton origin for the Crambeck 
industry influences from the Nene Valley have also been proposed by 
Perrin (1981b). He claims (1981b, p. 450) that ' there is evidence 
for Nene Valley potters at Crambeck in East Yorkshire'. He notes 
that ' Mortaria of essentially Nene Valley form but in a fabric 
typical of Crambeck were found in the excavations under York Minster 
1966-72 (Information Mrs Hartley), ' (1981b, p. 460) and that The 
Crambeck mortaria of Nene Valley type were the reeded-rimmed 
hammer-head variety, and are dated from around the middle of 
the fourth century, or perhaps a little earlier' (1981b, 
p. 461) and he continues ' the main problem in proving any 
links with ... Crambeck is the dissimilarity of the kiln types'. 
On the basis of the evidence cited the case is far from strong as 
Nene Valley mortaria of the type circulated in the north and could 
easily have been imitated by the Crambeck potters, this being 
especially likely in the early days of production when experiment in 
new forms would be more probable than when a stable market for a 
known product had been achieved. 
There are a number of further similarities between the Crambeck 
finewares and the Nene Valley industry, but these exist too with 
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both the Oxfordshire and New Forest industries. The hemispherical 
flanged bowl generally in a redware, Crambeck type 5, is paralleled 
by Nene Valley type 83 (Perrin J. R. 1980), oxford type C51-2 (Young 
C. 1977) and New Forest type 63 (Fulford M. G. 1975) and derives from 
Dragendorf form 38 but none of the parallels is liable to be 
significant other than to emphasise that there was a generally 
accepted tradition of the type of vessel which finewares ought to 
be. Similarly with the pinched spout flagons (Corder P. 1928 
Nos. 185-7) there are similarities with Nene Valley types 63-5 and 
Oxford type C51.1 and the Crambeck type 12 beaker is similar to Nene 
Valley types 54-6, Oxford type C23.1 , and New Forest type 30.1. 
Also common to a number of centres is the face-necked flagon, 
Eburacum plate 29 (R. C. H. M. 1962) and Rudston No. 225 (Rigby 
V. 1980), both of which appear to be Crambeck products and the 
concept is common to, the Nene Valley (type 96), Oxford (type C11.1) 
and Much Hadham (Harden D. and Green C. 1978) and much the same 
might be said of the Crambeck triple vase (Wenham P. 1965, Fig. 5, 
No. 6) a form which was also produced at Oxford in parchment ware 
(type P40.1). 
There are further parallels of a more specific nature. The rare 
Crambeck bowl type 13b is paralleled by Nene Valley type 86 whilst 
some of the Crambeck closed forms in parchment ware (assuming these 
are indeed Crambeck (e. g. R. C. H. M. 1962, H2276)) are virtually 
identical with Nene Valley parchment ware forms 93-5. Crambeck 
types 9 and 10a are similar in concept to the Nene Valley type 61 
and Oxford types C49-50 and the Crambeck type 6 mortaria with a wavy 
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line on the flange (Corder P. 1928, Nos. 123 and 124) have a very 
good parallel in New Forest type 105 and similarities with oxford 
type M18.1. Further Crambeck type 13a is similar to New Forest type 
76.5 and Crambeck type 7 resembles oxford type C97 without the 
groove. 
There are also a few decorative parallels between Crambeck New 
Forest and Oxford. The running step motif (E007) is identical with 
New Forest motif 44 and is shown on the illustrated Oxford example 
of WC3.1, whilst the 3-4 line zig zag (E002) is New Forest motif 10 
and Oxford type WC3.1 illustrates the sort of central wheel 
arrangement often found on Crambeck dishes. 
The point of this survey of parallels and similarities between 
the other major fineware producers and Crambeck is that no one of 
them has similarities to Crambeck that outweigh the claims of the 
others. Another point is that the major late fourth century 
Crambeck parchment ware types are unique and that it tends to be 
minor and earlier types which have close similarities with other 
centres. The close parallels to Crambeck types of forms which are 
not found in the north do imply some form of contact between 
Crambeck and the southern fineware traditions, probably more in the 
early-mid fourth century, but it seems very doubtful that any single 
southern centre can be held responsible for this, especially since 
in the cases of Oxford, New Forest and Nene Valley Crambeck failed 
to take up the major element of their fineware traditions, colour 
coated wares. 
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The functional analysis of the earlier groups from the kiln site 
is interesting, jars form a negligible part of the output whilst 
tablewares, dishes and bowls, are the major items with some 
production of beakers and also a major output of specialist 
tableware products in the form of mortaria (Table 8.12). The Crambe 
group contains no late fourth century types and would appear to be 
early fourth century whilst the two groups from the Quarry ditches, 
although extending slightly into the late fourth century have a 
predominantly earlier fourth century emphasis. 
Functional analysis of material from the kiln sites. 
Dishes Bowls Jars Mortaria Beakers 
Crambe kiln 1 
26.8% 60.1% 
40.6% 23.4% 
13.4% 35.7% 
9.8% 0 2.8% 
Quarry ditch (Hayes R. H. 1965). 
16.3% 9.9% 0.3% 
Quarry ditch (Dent J. 1965). 
17.8% 25.0 1.8 
Crambeck greywares are widely distributed throughout East Yorkshire 
in the earlier fourth century (Table 8.13). At Malton in the mid 
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TABLE 8.13. 
The distribution of Crambeck fabrics in the earl y fourth century. 
Site % by % by Wt. % by Min. % by Min. % by 
% 
sherd No. No. of No. of of rim 
rims vessels 
Malton mC4th 
Fabric 001 21.7 25.2 30.8 21.1 33.5 
Fabric 011 1.3 3.8 1.9 3.1 
3.7 
Fabric 037/038 0 0 0 0 
Hutton Ambo eC4th 
Fabric 001 90.4 93.9 85.0 79.2 94.8 
Fabric 011 0.6 1.1 5.0 4.2 2.8 
Fabric 037/038 1.2 0.8 5.0 8.4 0 
Beadlam 
N. of N. Wing C 
eC4th 
Fabric 001 12.8 19.0 0 6.3 0 
Fabric 011 0 0 0 0 0 
Fabric 037/038 0 0 0 0 0 
DXIISE Occn. mC4th 
Fabric 001 23.6 28.3 31.7 26.8 39.6 
Fabric 011 2.6 3.8 7.3 7.0 4.5 
Fabric 037/038 0 0 0 0 0 
Brough-on-Humber 
Period VIII eC4th 
Fabric 001 - - 9.1 7.7 
3.7 
Fabric 011 - 0 0 
0 
Fabric 037/038 - - 0 3.8 
0 
B11 (4) eC4th 
Fabric 001 - - 0 0 
0 
Fabric 011 - 0 0 
0 
Fabric 037/038 - - 0 0 
0 
FXII (3) mC4th 
Fabric 001 - 2.9 1.9 1.7 
Fabric 011 - 0 1 00. 0 
Fabric 037/038 - - 0 
q 1 . 0.7 
York; Skeldergate 
well mC4th 
Fabric 001 19.0 16.8 30.3 22.4 35.8 
Fabric 011 5.9 3.8 6.1 7.1 4.3 
Fabric 037/038 0 0 0 0 0 
Castleford 
layer 260 eC4th 
Fabric 001 14.6 13.6 22.7 15.3 28.8 
Fabric 011 4.5 3.1 4.5 4.8 3.5 
Fabric 037/038 0 0 0 0 0 
TABLE 8.13 continued. 
The distribution of Crambeck fabrics in the earl y fourth century. 
Site % by % by Wt. % by Min. % by Min. % by % 
sherd No. No. of No. of of rim 
rims vessels 
Greta Bridge 
Phase 5 eC4th 
Fabric 001 5.5 9.7 2.5 4.5 6.0 
Fabric 011 0.3 0.7 2.5 0.9 0 
Fabric 037/038 0 0 0 0 0 
Binchester 
Phase 8b mC4th 
Fabric 001 28.4 35.0 31.3 24.5 35.5 
Fabric 011 (#) - - 
Fabric 037/038 2.9 2.0 0 2.0 0 
Apperley Dene eC4th 
Fabric 001 - 11 - 
Fabric 011 - 0 - - 
Fabric 037/038 - - 0? - - 
South Shields 
layer 30 eC4th 
Fabric 001 - - 7 - - 
Fabric 011 - - 0 - - 
Fabric 037/038 - - 0 - - 
Vindolanda 
layer 184 eC4th () 
Fabric 001 11.5 21.5 16.7 15.5 11.9 
Fabric 011 - - - 
Fabric 037/038 0 0 0 0 0 
Bewcastle C3rd-eC4th 
Fabric 001 0.9 1.3 3.4 3.4 1.2 
Fabric 011 0 0 0 0 0 
Fabric 037/038 0 0 0 0 0 
Old Penrith eC4th 
Fabric 001 0.7 0.8 0 2.3 0 
Fabric 011 0 0 0 0 0 
Fabric 037/038 0 0 0 0 0 
fourth century groups examined in this study Crambeck greyware 
(fabric 001) comprises around 20-30% of the assemblages and it is 
around 25-30% of the group which spans the mid-late fourth century. 
Perhaps surprisingly no sherds of Crambeck redware (Fabrics 037 and 
038) were present. The functional breakdown (Table 8.14) of the 
group is close to that of the kiln site for greywares, though a 
flagon is present whereas the percentage of flagons on the kiln site 
is negligible, showing that the greywares were nearly all serving as 
tablewares. 
TABLE 8.14. 
Functional analysis of Crambeck fabrics from Malton. 
Dishes Bowls Jars Beakers Mortaria Flagons Lids 
26.7% 40.0% 13.3% 6.7% 6.7% 6.7% 0 
The number of Crambeck vessels as a percentage of the total number 
of vessels in each class. 
36.4% 66.6% 10.5% 50% 100% 100% 0 
The result of this is that Crambeck products supplied only about 10% 
of all jars to the site but around 50% of all tablewares and the 
competition for most of the remainder of this market, perhaps 
surprisingly, came from calcite gritted wares. The commonest forms 
at Malton were type 1 flanged bowls (B005.01/. 02) followed by types 
2 and 2a simple and bead rimmed dishes (D002.01, D003.01). 
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South of Malton at Hutton Ambo the situation is rather different 
with Crambeck greywares comprising c90% of the assemblage, but this 
is hardly suprising as the site is on the edge of the production 
site. It is maybe more curious that around 5-8% of the group are in 
handmade, calcareously tempered fabrics, which must have been 
functionally very necessary (See Chapter 5, Section 5.6), since 
Crambeck products would have been of negligible cost in this 
location. The minor nature of Crambeck redware production is 
illustrated at Hutton Ambo as it does not exceed c5% of the group 
despite its proximity to the kilns and similarly, despite the very 
strong emphasis on type 6 mortaria in the early kiln site groups 
they comprise only c5% of this group in actual use. 
The functional breakdown of the group (Table 8.15) is similar to 
that from other sites though there is a greater emphasis on jars 
than at most, because so much of the assemblage is in Crambeck 
fabrics. 
TATTTO1C 
Functional analysis of Crambeck products from Hutton Ambo. 
Dishes Bowls Jars 
22.2% 38.9% 27.8% 
Beakers Mortaria Flagons Lids 
0 5.6 5.6 0 
The forms present were similar to those from Malton with type 1 
flanged bowls (B005.02) being the commonest and also common were 
type 3 countersunk handled jars (J009.02) and types la and 2, simple 
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rimmed and flange rimmed dishes (D001.04, D002.01). To the north- 
west of Malton at Beadlam there is one small group which can be 
dated to early in the fourth century ('North of North Wing C') and 
this contains 10-20% of Crambeck greyware. A further group, 'DXII 
SE Occupation', which must date to the third quarter of the century 
contains around 25% greyware and 4% parchment ware but has no 
redware. This level of supply is very like the Malton groups. The 
commonest greyware forms are type 1 (B005.01/. 02) flanged bowls and 
type 2 simple rimmed dishes (D002.01). In this assemblage Crambeck 
products supply around 50% of all tablewares (dishes and bowls) and 
100% of mortaria, but less than 20% of jars and none of other 
functions (Table 8.16). 
TABLE 8.16. 
Functional analysis of Crambeck products from Beadlam; DXIISE Occn. 
Dishes Bowls Jars Beakers Mortaria Flagons Lids 
18.8% 37.5% 25.0% 0 18.8% 0 0 
The number of Crambeck vessels as a percentage of the total number 
of vessels in each class. 
42.9% 60.0% 22.2% 0 100% 00 
To the south-east of Malton, at Rudston the supply of Crambeck wares 
in the early fourth century seems to be at a much more minor level, 
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though without a much more detailed quantification than the report 
provides (Table II, p. 89) this cannot be ascertained with 
certainty. However of the greyware vessels illustrated from the 
well three are Crambeck products , two type three, or similar, 
jars 
(Nos. 244 and 265) and one unique flask (No. 278). This compares 
with twenty-four illustrated Holme vessels and leaves the strong 
impression that they dominated this group. Two Crambeck parchment 
ware vessels are illustrated, a type 6 mortarium and a face necked 
closed form. The latter (No. 225) is suggested to be either ' from 
a local source or an import from the continent', its fabric 
description is within the range of parchment ware, the rim form, 
derived from Holme, was also used at Crambeck (whereas parchment 
ware was not manufactured at Holme) and the Crambe (King E. and 
Moore M. 1974, Fig. 2, No. 1) example shows that this type of vessel 
was produced by the Crambeck industry. Crambeck types 1 and 2 
(D002.01, B005.02) are present in the earlier fourth century group 
at Langton from hypocaust 5 (Corder P. and Kirk J. L. 1932; Fig. 4) 
but so too are Holme products. There is also an unillustrated 
fragment, presumably from a face pot of a smooth yellow jar with 
traces of two impressed rosettes, 7/8th in. dia., and a projection 
lin. long, perhaps the nose of a face' (Corder P. and Kirk 
J. L. 1932, p. 25). This is probably directly related to the example 
from the kiln site (Corder P. and Birley M. 1937, Plate LXXXVII). 
Further south at Brough-on-Humber Crambeck greyware is present at 
a level of about 7% and redware is present in the early fourth 
century group from period VIII but both fabrics are absent from the 
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similarly dated group from BII (4), whilst in the mid fourth century 
group FXII (3) and FXIV (4) greyware is down to c2% though redwares 
run at c3%. This is a considerably lower level than further north 
at Halton and Beadlam and is lower than many sites in the North-East 
outside East Yorkshire and it would seem to be a result of very 
strong competition from Holme wares. Competition from Holme would 
also explain why the redware component in the group remains at a 
stable level whilst greywares decline since redwares were not 
produced at Holme. The functional breakdown of the Crambeck 
products at Brough is one jar, four bowls and a dish. 
Outside East Yorkshire at York Crambeck greyware comprises around 
15-20% of the assemblage in the Skeldergate well fill whilst 
parchment ware adds about another 5% to this group. The well fill 
is a little later than most of the other groups ending possibly 
early in the late fourth century (it contains one Huntcliff type jar 
rim and a wall sided mortarium in painted parchment ware, a variant 
of type 7 (M003.14)) and it is directly comparable with the Beadlam 
group from 'DXIISE Occupation' . The commonest greyware forms 
in 
the group are simple rimmed dishes (D002.01) and flanged bowls 
(B005.01'/. 02) and flanged dishes are also present (DO01.04). 
TABLE 8.17. 
Functional breakdown of Crambeck products from Skeldergate. 
Dishes Bowls Jars Beakers Mortaria Flagons Lids 
43% 29% 14% 0 14% 00 
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To the south of York at Castleford Crambeck greyware forms around 
8% of the assemblage, but redware and parchment ware are absent. 
The forms represented are two flanged bowls and a flanged rim dish 
(DO01.04). 
To the north of York no early fourth century groups have been 
examined south of Greta Bridge. Here Crambeck greyware forms around 
5% of the assemblage and parchment ware around 1%. North of Greta 
Bridge at Binchester Crambeck wares are absent from the late third- 
early fourth century group from A458 in Phase 7 but Crambeck 
greyware runs at a level of about 30% and redware makes up another 
3% in the mid fourth century group from Phase 8b. 
Further north at Apperley Dene, Crambeck greyware seems to form 
around 11% of the stratified early fourth century group by minimum 
number of rims, there are also two redware jars from this site (11%) 
but it is far from clear that they are of Crambeck origin. On the 
line of Hadrian's Wall at South Shields Crambeck greyware forms only 
7% of the small published early fourth century group used in this 
survey (layer 30) and other fabrics are absent. Moving west 
Crambeck greyware would appear to be absent from the small early 
fourth century group from Period III of the Carrawburgh Mithraeum. 
At Vindolanda in the early fourth century greyware occurs at c10-20% 
but moving into the North-West it falls to around 1% in the third to 
early fourth century group at Bewcastle and is present at less than 
1% at Old Penrith. 
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8.8.2. The development of the Crambeck industry in the early fourth 
century. 
The Crambeck industry started production in East Yorkshire towards 
the very end of the third century and soon started to supply much of 
north-east England. The principal market for Crambeck products 
seems to have been in northern East Yorkshire, centring on the town 
of Malton and though functionally the bulk of Crambeck products do 
not seem to have been in direct competition with the Norton wares 
they probably caused some damage to the former's markets. It would 
appear that in the early fourth century Crambeck suffered from 
intense competition from Holme which appears to have expanding in 
the period, and it only seems to have been a major element in supply 
of East Yorkshire sites in the Vale of Pickering. The location of 
the site though seems to have been a major advantage in marketing 
outside East Yorkshire, as Norton was already doing. It would 
appear that York must have been a major centre in the distribution 
network of Crambeck products and the percentage of Crambeck wares 
seems to fall off to the south and north, though the site is a 
little later than many of the others so that this effect may be 
slightly deceptive. There does seem to be a slight fall off running 
north from York to the frontier and if the inadequate group from 
South Shields is not too deceptive, then it would seem likely that 
the fabric travelled north by road rather than up the coast to South 
Shields. It seems evident that transport costs, and perhaps 
competition from BB1 in the North-West had a major effect on 
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marketing in the North-West where only a trickle of Crambeck 
products seem to have arrived before the late fourth century. 
It must be emphasised that Crambeck was principally a greyware 
supplier and that there is little evidence that its fineware 
products had a different, or much wider, distribution than the 
greywares. In the case of the small quantities of redware 
production in the early fourth century the reverse seems to be the 
case with the fabric being found on various sites in East 
Yorkshire but rarely on any site outside the region. This may be 
influenced by the general poor quality of the fabric (See above 
Chapter 4 Section 4.3.7). 
8.9. Crambeck in the later fourth to fifth centuries. 
The functional emphasis of late fourth century production can be 
partly judged by the 1927 and 1936 excavations, though the material 
recovered probably spans the whole of the fourth century. The 
emphasis, as in the earlier fourth century (see above Section 8.8.1, 
Table 8.12) is, on tablewares, especially bowls and mortaria and 
dishes and there are some jars and a few beakers (Table 8.18). 
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TABLE 8.18. 
Functional analysis of Crambeck kiln products. 
1927 excavations. 
Bowls. Dishes. Jars. Beakers. Mortaria. 
51% 17% 13.5% 0.5% 15.5% 
1936 Excavations. 
57.5% 11.5% 11% 1.5% 8% 
The level of jar production is very much lower than that found on 
the 'average' site. When these figures are compared with those from 
the groups which are solely earlier fourth century material (Table 
8.12, Section 8.8.1 above) there appears to be a rise in bowl 
production, mainly at the expense of dishes, and probably a fall in 
beakers. One of the interesting points with the 1927 and 1936 
functional breakdowns (Table 8.18) are the very low percentages of 
painted parchment ware, 2% and 3.5% respectively. Although earlier 
fourth century material is probably included in the group (this is 
difficult to judge since all the early fourth century Crambeck forms 
seem to have continued in use into the later fourth century even if 
some were in more minor quantities) at least half of the bowls from 
the two groups are type lb which is an exclusively late type so that 
it might be expected that at least half, and probably a good deal 
more, of these two groups is later fourth century. This suggests 
that the level of parchment ware on the kiln site is less than that 
from some of the sites which were being supplied by it, an unlikely 
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proposition, so that even the large groups published by Corder would 
seem to suffer from functional variation across the kiln site with 
parchment ware production concentrated in some unexcavated area of 
the kiln site. 
Maps 8.5 to 8.7 show the overall distribution of each of the 
three Crambeck fabric types. The quantitative evidence for the 
distribution of Crambeck fabrics available to this study is 
interesting (Table 8.19). Within East Yorkshire the only 
quantitative information available is at Beadlam and the Signal 
Stations. The information from the latter is acquired by allocating 
Hull's types (1932) to fabrics and converting his table to 
percentages by minimum numbers of rims. The Beadlam greyware figure 
rests at around 21% by minimum number of rims but at the Filey 
Signal Station and the Long Whins civil site, both nearly twice the 
distance from the kiln site, the values are 36% and 25% 
respectively. Moving north up the Signal Station chain the greyware 
values for Scarborough and Goldsborough do fall to less than 20% but 
the Huntcliff value then rises to 23%. Similar problems are 
encountered following the sites north along the main road. There is 
a fall in greyware values from 21% by minimum number of rims at 
Beadlam to 14% at Catterick but this then rises to 18% and 30% in 
the two Piercebridge groups and to 43%, 25% and 34% at Binchester. 
However the figures are quantified there is not the slightest sign 
of a distance decay function applying to the greyware distribution, 
indeed its opposite seems more the case. Two further figures are 
available at Poltross Burn and Old Penrith. The Poltross Burn group 
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TABLE 8.19. 
The distribution of Crambeck fabrics in the late fourth-early 
fifth 
centuries. 
Site % by % by Wt. % by Min. % by Min. % by % 
sherd No. No. of No. of of rim 
rims vessels 
Beadlam 
All site lC4th 
Fabric 001 17.5 15.7 21.1 21.0 19.8 
Fabric 011 2.0 4.1 5.6 5.0 5.2 
Fabric 037/038 0.5 0.5 1.5 1.2 1.0 
Rudston well 
layers 266-7 lC4th 
Fabric 001 - 6.8 - - 
Fabric 011 - - 1.7 - 
Fabric 037/038 - - 0 - - 
Long Whins lC4th 
Fabric 001 - - 24.6 - - 
Fabric 011 - - 6.6 - - 
Fabric 013/038 - - 3.3 - - 
Filey Signal 
Station lC4th 
Fabric 001 - - 36.4 - - 
Fabric 011 - - 6.8 - - 
Fabric 037/038 - - 2.3 - - 
Scarborough Signal 
Station lC4th 
Fabric 001 - - 16.8 - - 
Fabric 011 - - 5.5 - - 
Fabric 037/038 - - 2.6 - - 
Goldsborough Signal 
Station lC4th 
Fabric 001 - - 18.1 - - 
Fabric 011 - - 7.5 - 
Fabric 037/038 - - 1.1 - - 
Huntcliff Signal 
Station lC4th 
Fabric 001 22.7 19.4 22.5 25.0 25.2 
Fabric 011 5.1 5.3 18.4 13.2 12.2 
Fabric 037/038 2.0 1.2 6.1 7.4 0.8 
Catterick 1C4th 
Fabric 001 - - 14.1 - - 
Fabric 011 - - 8.5 - - 
Fabric 037/038 - - 0.8 - - 
TABLE 8.19 continued. 
The distribution of Crambeck fabrics in the late fourth-early 
fifth 
centuries. 
Site % by % by Wt. % by Min. % by Min. % by 
% 
sherd No. No. of No. of of rim 
rims vessels 
Piercebridge 
HS77EX lC4th 
Fabric 001 20.2 17.7 30.3 19.5 24.8 
Fabric 011 3.9 2.8 9.2 7.3 3.7 
Fabric 037/038 0.6 0.5 2.6 1.6 1.4 
HS77EW lC4th 
Fabric 001 24.4 19.9 17.9 18.7 15.0 
Fabric 011 4.1 3.6 10.7 7.7 7.4 
Fabric 037/038 0.6 0.6 3.6 2.2 1.1 
Binchester 
A2068 lC4th 
Fabric 001 40.6 37.6 42.6 24.5 47.2 
Fabric 011 5.1 3.7 3.7 9.4 8.9 
Fabric 037/038 0 0 0 0 0 
A1884 lC4th 
Fabric 001 30.5 22.7 25.3 18.4 22.3 
Fabric 011 3.7 3.5 8.0 6.4 6.2 
Fabric 037/038 1.5 1.1 2.7 2.4 1.1 
A2037 lC4th 
Fabric 001 37.4 36.9 34.1 35.7 27.2 
Fabric 011 3.1 7.1 12.5 7.1 11.1 
Fabric 037/038 0 0 0 0 0 
Poltross Burn 
Period III lC4th 
Fabric 001 - - 10.4 - 
5.8 
Fabric 011 - - 2.1 - 
Fabric 037/038 - - 0 - - 
Old Penrith 
Fabric 001 45.5 49.4 43.8 54.2 41.5 
Fabric 011 9.1 18.0 12.5 8.3 23.4 
Fabric 037/038 0 0 0 0 0 
is fairly reliably quantified by minimum number of rims and appears 
to be essentially a late fourth century group though perhaps 
extending back slightly into the mid fourth century. Here the 
greyware figure is 10% and this rises to 12% if clearly residual 
material is excluded. The Old Penrith is regrettably not so 
reliable as it is derived from a small group of material in late 
fourth century and later contexts with all fabrics which are not 
clearly late fourth century excluded. The result of this is that 
earlier fourth century Crambeck material will have been included in 
the figures, whereas calcite gritted wares will probably not as 
there is no evidence from the earlier fourth century groups examined 
from the site that it arrived before the late fourth century. 
(Another possible problem with these Old Penrith figures, apart from 
the small group size (44 sherds, 14 rims), is that some BB1 may 
still have been in use in the late fourth century, especially since 
there is no evidence of any typological development of this type 
after the early fourth century (Farrar R. A. H. 1981), but all of this 
fabric type has been excluded from the figures. ) Given these 
problems the level of Crambeck greyware at over 40% may well be 
exaggerated, but it is not improbable that it was originally at a 
higher level than at Poltross Burn. 
The distribution of Crambeck parchment ware presents a similar, 
if slightly more confused picture, to the greyware. There would 
seem to be more at Huntcliff, Catterick, Piercebridge and Binchester 
than at Beadlam, and there is certainly very little sign of any fall 
off with distance from the kiln site within the study area. 
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Redwares appear to show a slight fall off but this is the effect of 
their absence from the Poltross Burn and old Penrith groups both of 
which are comparatively small and the distribution of apparent 
Crambeck redwares across the north (Map. 8.7) shows that there is no 
lack of finds in the North-West, so that this impression is probably 
false. 
The boundaries of the main Crambeck distribution are fairly 
clear. The type appears to be absent from Chester (Carrington 
P. 1980) and is clearly absent from Lincoln (Darling M. 1977) and 
seems to be generally absent from North Lincolnshire (Rigby V. and 
Stead I. M. 1976). Crambeck wares are stated to be found at 
Doncaster but not in the surrounding rural sites (Buckland 
P. pers. comm. ). Apart from one piece from Traprain Law Crambeck 
ware is not found north of the frontier, except in forts, but 
neither are Roman ceramics in any quantity after the second century 
(see above Chapter 2, Section 2.4.2). 
The constraints on Crambeck distribution to the south are clearly 
not closely related to transport costs, or if they are then the 
distribution of Crambeck ware in the North-West is achieved by zero 
or negative costs. Doncaster, south of the Humber, is only 
c67km. from the kiln site, but it is beyond the core of the 
distribution and lincoln, where a very large late fourth century 
group has no trace of Crambeck products is only 100km. south of the 
kiln site and both of these are easily accessible, yet Crambeck was 
a major supplier in north-west England, e. g. at Birdoswald cl47km. , 
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Old Penrith cl40km., and Ravenglass cl65km. and it seems to have been 
so throughout the region, up to 180km. from the kiln site. Not only 
are the sites in the North-West far further from the kiln site than 
sites to the south of it which lack Crambeck products but they must 
have been supplied overland, since there are no water links, and 
this must have involved transporting heavy loads over the Pennines. 
One of the remarkable points in the distribution of Crambeck 
products is that there is no evidence that the finewares were 
distributed any further than the greywares, or ever formed more than 
a minor part of the kiln output, in total contrast to the 
Oxfordshire, New Forest and Nene Valley industries (Young C. J. 1977, 
Fulford M. G. 1975, Howe M. D. Perrin J. R. and Mackreth D. F. 1980). 
There are two immediate questions which follow on from this 
distribution; the causes of the quite considerable variations 
between sites, and the reasons for the lack of any fall-off in the 
level of supply until the very edges of the distribution are 
reached. 
The functional breakdown of the late fourth century Crambeck 
products from these sites (Table 8.20) may help to explain the 
marked variations in the level of Crambeck supply to them. In the 
late fourth century, as earlier, dishes, bowls and to a lesser 
extent mortaria, were the main Crambeck types in use, usually with a 
few jars. (Though the level of Crambeck jars does vary markedly 
between sites and this would appear to be directly related to their 
use as water containers, hence they are dominant in the Rudston well 
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TABLE 8.20. 
Functional analysis of late fourth century Crambeck products from 
sites. 
Site Jars Bowls Dish Beak Flag Lids Mort n. 
-es -ers -ons -aria 
Beadlam 19.2% 43.3% 23.2%0.9% 1.8% 0.5% 11.2% 224 
Rudston well 60% 20% 20% 0 0 0 0 20 
Filey; 
Long Whins 23.8% 61.9% 4.8% 0 0 0 9.5% 21 
Carr Naze 45.0% 30.0% 15.0%0 0 0 10.0% 20 
Scarborough 39.4% 48.0% 7.6% 0 1.0% 0 4.0% 198 
Goldsborough 40.7% 25.9% 22.2%0 0 0 11.1% 27 
Huntcliff 30.4% 26.1% 39.1%0 0 0 4.4% 23 
Catterick 20.3% 35.6% 25.4%0 0 0 18.6% 59 
Piercebridge; 
HS77EW 5.3% 52.6% 21.1%5.3% 10.5% 0 5.3% 19 
HS77ES 6.1% 60.6% 21.2%0 3.0% 0 9.1% 33 
Binchester; 
A2037 20.9% 34.9% 23.3%2.3% 0 2.3% 16.3% 43 
A1884 14.8% 25.9% 40.7%0 0 7.4% 11.1% 27 
A2068 23.1% 26.9% 30.8%3.9% 7.7% 0 7.7% 26 
Poltross Burn 0 33.3% 50% 0 0 0 16.7% 6 
Old Penrith 0 88.9% 11.1%0 0 0 0 9 
deposit and also comparatively common at Huntcliff in a group which 
includes a well deposit. ) 
If the overall percentages of dishes and bowls on the sites 
examined is considered, then there does seem to be some correlation 
between the high levels of these and higher levels of Crambeck 
greywares. The level of Crambeck greyware from 15 groups compared 
with the levels of dishes and bowls in those groups is plotted on 
Fig. 8.6, the correlation coefficient is 68%. That this correlation 
is not as good as might be expected is probably a result of the very 
variable quantity of Crambeck jars from the sites. Thus it would 
seem that functional variation between the assemblages on the sites 
examined account for the odd variations in the amount of Crambeck 
greyware found on them and this explains the apparent negative fall- 
off in greyware moving north from the kiln site. 
Turning to the reasons for the peculiar form of the Crambeck 
distribution pattern one factor which must be disregarded is any 
semblance of a sensible free market system, which should not produce 
a pattern remotely resembling this one. The distribution pattern of 
Crambeck ware does appear to be unique amongst the large scale late 
Romano-British pottery industries, with both the Oxford and New 
Forest industries showing a regular fall-off with distance (Hodder I 
and Orton C. 1976, Fig. 5.77) even though they are mainly fineware 
suppliers. The Nene Valley industry might appear to show more of a 
parallel, with a distribution throughout the north showing little 
sign of fall-off within the study area, though perhaps rather weaker 
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in the North-West, but this is to overlook the considerable fall-off 
of the type from the production area to the north (see Chapter 7, 
Section 7.10 and Section 8.13 below). The only major pottery 
industry which produces a pattern like Crambeck's in Roman Britain , 
though probably for very different reasons, is the samian industry, 
where a high level of supply without any apparent distance decay is 
maintained. Given the main southern limit of Crambeck ware 
distribution, which would appear to roughly coincide with the 
inferred provincial boundary of Britannia Secunda (Salway P. 1981, 
map VII) it could be argued that provincial customs were distorting 
the distribution and restraining competition with industries based 
in the province. However, were this the case then it must be 
explained why BB1 should not have found these a major constraint on 
its marketing in the north. A variant of this case would be that 
these taxes were increased in some way after cA. D. 370, thus 
accounting for the demise of BB1 in the north, but this would 
overlook the Nene Valley supply which appears to remain at a fairly 
stable level throughout the fourth century and if anything looks 
healthier in the later fourth century (see Section 8.13 below). 
One further possibility to explain the success of Crambeck ware 
in the later fourth century often discussed in terms of competition 
between pottery industries is the production costs of the industry. 
It tends to be argued that the large scale pottery industries would 
have favourable costs over smaller producers, but there is no 
evidence for this and little reason to believe it to be a major 
factor, or even to believe it to be true. There are no obvious 
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economies of scale in pre-industrial potting, as with most 
manufacture in the ancient world. The capital invested in equipment 
is patently negligible and nearly all costs must have been in 
labour. There is generally little evidence from kiln sites to 
suggest that potters made anything more than a modest living from 
their trade so that the scope for economies must have been limited 
to their working harder, to which there are clear limits, or 
reducing their profit margins, which would appear to have been very 
modest to start with. 
Two further possible explanations remain for the distribution of 
Crambeck wares, military contracts and social constraints. The 
possibility of the operation of military contracts is a real one, 
though the concept seems to have become rather unfashionable. 
If military contracts were used for pottery supply then Crambeck 
seems to have been the sort of supplier which might have been used. 
In principle for military contracts to make any sense it would seem 
likely that they would be made for supplies in bulk, since for minor 
quantities of ceramic the amount of administration required would be 
disproportionate to the return, the only logical exceptions to this 
being specialist products such as mortaria and fineware, where an 
adequate supply might not otherwise be guaranteed by market forces. 
Military contracts would presumably operate either by the army 
paying a higher cost for ceramic than would otherwise be the case, 
unless the pottery industry concerned really could make economies of 
scale, or by the army either transporting the goods itself or paying 
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for their transport but disregarding its cost. 
The Crambeck ware distribution certainly passes the first obvious 
test in relation to military contracts in that its distribution is 
not readily explicable by market forces. Military contracts are 
historically attested in the later Empire (Cockle H. 1981, p. 96), 
in Egypt. 
Also although the military at times seems to have relied on 
market forces for its supply it certainly changed the mechanisms it 
employed for supply within Roman Britain. There is clear evidence 
from such centres as Holt, and more relevantly from the scatter of 
late first-early second century kilns throughout the North-West 
(Swan V. G. 1984, Map 4) that the military produced much of its own 
ceramic at times rather than relying on market forces. 
Given this it is not impossible that the military changed its 
method of supply in the late fourth century to one of supply be 
contract. One difficulty, though, must remain with the supply of 
Crambeck wares to civilian, as well as military sites on the 
frontier, but this is not insuperable. The primary late fourth 
century 'civilian' sites in the North-West are Carlisle and Kirby 
Thore, nearly all the vici having vanished, and in the North-East 
there is Corbridge on the frontier. The early fourth century 
evidence suggests that domination of the civilian markets in 
Yorkshire by the East Yorkshire industries would be possible even if 
a free market operated. In the north-West, as in the Pennines, it 
is only the towns which show evidence of late fourth century supply, 
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towns which were closely linked to the military, in which there may 
well have been a garrison, and certainly civil servants who were 
also milites, and the distinction between towns and forts by the 
late fourth century seems to have been blurred to well nigh the 
point of its non-existence. Given that 'civilians' probably lived 
in forts and some soldiers in 'towns' it seems likely that any 
official supply system would tend to, regard both as parts of the 
military system. Rural sites in the Pennines and the north-West 
seem to have been virtually aceramic and only one, Waitby, 
Westmorland (Webster R. A. 1972) seems to have produced evidence of 
late fourth century East Yorkshire pottery. 
One other possibility to explain the late fourth century Crambeck 
ware distribution might be social factors, but these seem difficult 
to conceive. The northern region, outside East Yorkshire had 
accepted ceramics from diverse sources from outside the region for a 
considerable period and there seems little reason why consumers in 
the area should suddenly find such an attachment for East 
Yorkshire products as to exclude all other supplies, especially as 
that area was also without the region. 
In conclusion it must appear that the operation of some form of 
military contract or supply system, instituted around cA. D. 370 is 
responsible for the sudden change in northern pottery supply and the 
rise of the Crambeck and Huntcliff type calcite gritted ware 
industries, or at least that it seems to be the best solution, of 
those considered here, to explain the industries' most peculiar 
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distribution patterns. 
The functional breakdown of the late fourth century Crambeck 
products from the sites examined and Rudston, Catterick and the 
other Signal Stations is generally similar to that from early fourth 
century sites with dishes, bowls and mortaria i. e. tablewares being 
the dominant forms. There are, however, some differences, at Malton 
the centre which might be expected to receive the most intensive 
Crambeck supply owing to its proximity to the kiln site and at 
Beadlam, in the mid fourth century, Crambeck only accounted for 
around 50% of tablewares (dishes and bowls) on the site whilst in 
the late fourth century at Binchester and Piercebridge, let alone 
sites nearer the kilns, 75% and more of tablewares were being 
supplied by Crambeck, together with 100% of mortaria. The Crambeck 
industry had clearly not only expanded its distribution but had 
markedly intensified it. One other point of interest in these 
figures is the marked difference between the Signal Stations and 
Rudston on the one hand and all the other sites in the proportion of 
Crambeck jars. All of the Signal Stations have over 30% of jars in 
the Crambeck groups whilst the other sites do not rise above 25%. 
The explanation of this is probably a mixture of the use of the jars 
as water containers, the Rudston group is a well deposit and the 
Huntcliff group includes one, and the functional variations in the 
assemblages as a whole which will be discussed below in Chapter 7. 
The greyware forms represented in the late fourth century groups 
are much the same as those found earlier in the century, as are the 
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redwares. The only new greyware type, if it can be called that, in 
the late fourth century is type lb which is merely a type 1 
decorated internally with a wavy line (or more rarely wavy lines). 
This type is still far less common than the type 1 and it would be 
dangerous to make chronological arguments from its absence in small 
groups. One noticeable feature with the Piercebridge and Binchester 
groups especially is that the grooved rim dish type 2a (D003.01) 
seems to be much commoner than the simple rimmed dish, type 2 
(D002.01) which seems to have been the main dish form in the earlier 
fourth century. This is not true of the Signal Stations, though 
greyware dishes are very rare on these sites and it is not so true 
of the Beadlam group, though this could be owing to some residual 
early-mid fourth century material. It is notable that throughout 
the century there is virtually no typological development in the 
Crambeck greywares. This is in contrast to the appearance of a 
whole series of new parchment ware forms and the introduction of red 
painted decoration (and very occasional white painted decoration on 
redware forms). The affiliation of these types has been discussed 
above, but again it is striking that there does not appear to have 
been any period of experimentation, a series of new lines of product 
seem to have been laid down and produced, in quite. considerable 
numbers until the end of the industry, without any further changes 
or alterations. 
The commonest parchment ware forms generally seen to have been 
types 5b, 7 and 10 and the cordoned rimmed dish (Gillam type 297). 
There seems to be no evidence to regard the distribution of any of 
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the parchment ware forms as restricted compared with the others, 
though some of them are undoubtedly rare. 
8.9.2. N. A. A. of Crambeck parchment ware. 
Since Crambeck parchment ware is visually distinctive very few 
samples of the fabric were taken, but three sherds from Binchester 
were sampled (Sample Nos. K19, K20 and N4). The three Clustan 
dendrograms are presented on Figures 8.7 to 8.9 and the Principal 
Component plots on Figures 8.10 and 8.11. Two of the site samples 
group well with the parchment ware kiln material in the dendrograms 
and the Principal Components plots and there seems little doubt that 
they are indeed Crambeck products. The first Principal Component 
relies on fairly even positive contributions from La, Hf, Pa, Eu, 
and Th and the negative ones are from Co, Cs and Fe, whilst the 
second has major positive values from Cs and Fe and a negative one 
from Cr. The third Principal Component mainly comprises a large 
Positive value from Cr. 
Sample K19 is of the good 'crisp' parchment ware fabric with 
little visible' tempering whilst sample K20 is of the yellowish 
laminated fabric. Sample N4, however, does not group at all with 
the Crambeck material, but neither is it very similar to the 
analysed Nene Valley sherds. It remains possible that it is a Nene 
Valley product as far too few sherds from this centre have been 
analysed to give a full range of its element variations but this is 
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not obvious from the present results. The form of the sherd (Sample 
No. N4) is a badly abraded bat/lion spouted mortarium, a type 
unknown from Crambeck, which was the reason for its analysis, but 
its laminated yellowish fabric, without visible grog tempering, 
would tend to suggest that its source is unknown rather than Nene 
Valley, perhaps from another offshoot or outlier of the Crambeck 
industry as, for example, Cold Cam. Since this sherd was analysed 
because it was of an unusual form and in a less than typical 
Crambeck fabric it is unlikely that many more sherds from this 
source have been encountered in the study. 
8.9.3. N. A. A. of Crambeck Redware. 
Some 9 samples of redware were analysed from Binchester and 
Huntcliff (Sample Nos. L1-L3, N18, N20, N21,01,08 and Si) to check 
if they were Crambeck vessels, as visually identified, Cold Cam 
products or perhaps those of another unknown source. The three 
Clustan dendrograms are presented on Figures 8.12 to 8.14 and the 
first and second and first and third Principal Component plots on 
Figures 8.15 and 8.16. All three dendrograms isolate the Cold Cam 
group well, excepting that Crambeck Sample X20 is grouped in with 
it, but the Crambeck and Crambe group together with the site samples 
is split into three. This phenomenon (as noted in Chapter 4, 
Section 4.4.2.4) is a result of the Clustan method rather than the 
nature of the data as can clearly be seen on the plot of the first 
and second Principal Components and to a lesser extent is also shown 
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by the plot of the first and third components. The main positive 
contributors to the first Principal Component are La, Eu and Th 
whilst the second has positive values from Hf, Pa and Cr, and the 
bulk of the third component is a very considerable positive value 
from Fe. 
Both the dendrograms and the Principal Components plots show that 
the site samples fall within the range of the Crambeck and Crambe 
group and they are certainly not very similar to the Cold Cam 
material. The Principal Components plots reinforce the point made 
earlier (Chapter 4, Section 4.4.2.4) that the Crambeck group is very 
diverse compared with that from Cold Cam. 
It seems probable that all the sampled sherds originated at 
Crambeck despite the macroscopic diversity of the fabrics, and that 
other sources either do not exist or are very minor elements in 
supply. 
8.9.4. N. A. A. of Crambeck greyware. 
Some thirteen sherds of Crambeck greyware from Vindolanda, Greta 
Bridge, Binchester and Huntcliff were sampled (Sample Nos. N15, N17, 
02,04-06,011,012, R20, S16, S18, T6 and Ti). The three Clustan 
dendrograms comparing these visually identified sherds with the kiln 
material from Crambeck, Crambe and Cold Cam are presented on Figures 
8.17 to 8.19 and two Principal Component plots on Figures 8.20 and 
8.21. All three dendrograms split the kiln material into two again 
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(see Chapter 4, Section 4.4.2.4) and seven of the samples are 
clearly grouped with the kiln material in all three dendrograms. 
Two samples N17 and 012 from Huntcliff are grouped with the kiln 
material by the Group Average method but not by the other two and 
the four remaining samples (02,04,05 and 06) all from Huntcliff 
are consistently separated from the kiln material by all three 
dendrograms. The plot of the first and second Principal Components 
(Figure 8.20) suggests that these samples are within the main 
Crambeck group, whilst sample N17 is an outlier to the main group. 
The plot of the first and third Principal Components (Fig. 8.21) 
also isolates samples 02,04,05, and 06, whilst sample N17 is well 
on the edge of the kiln group. 
The major element values in the first Principal Component are 
negative ones from Rb, Cs and Fe whilst the second Principal 
Component has a major negative input from Cr and positive ones from 
La and Th. The third Principal Component has important positive 
contributions from Co and Hf. 
There seems little doubt that samples 02,04,05 and 06 do not 
belong in the main Crambeck group and this would also seem to be 
true of N17, though sample 012 could belong to it. All of these 
samples are from Huntcliff and inspection of the element tables 
(Appendix 3) suggests that the most obvious difference between most 
of these samples and the kiln material is that they have far higher 
Fe values than the kiln site samples. The forms of these samples 
(B003.01, B005.02, J009.02, J011.01 and two countersunk handles) are 
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all standard Crambeck forms and no other production site is obvious 
for them. As one of the Huntcliff samples (011) and that from 
Binchester (N15) are in the main Crambeck group the difference 
between the Huntcliff samples and the rest is unlikely to be 
chronological as such, and it must be reasonably probable that these 
samples are from a source other than Crambeck. 
However, as noted above (Chapter 4, Section 4.4.2.4), the fact 
that the Crambeck greywares are manufactured from a recipe involving 
the mixture of two separate clays could suggest that the bulk of the 
Huntcliff vessels arrived in a single consignment in which the 
recipe had been altered. In order to assess the likelihood of these 
samples being the result of an alteration in the recipe the Clustan 
runs were repeated including the kiln groups of Crambeck and Crambe 
redwares which are probably made from the boulder clay which would 
seem likely to be the second clay in the mixture for the greywares. 
4 
These dendrograms are presented on Figs. 8.22 to 8.24 and the two 
Principal component plots are presented on Figs. 8.25 and 8.26. All 
three dendrograms place the Huntcliff samples 02,04,05, and 06 
with part of the Crambeck redwares whilst sample N17 is placed in 
with the greyware by Ward's method and Group Average though Flexible 
Beta places it in a small group with various other samples. 
Neither of the Principal Components plots are very clear but they 
do not really contradict the Clustan runs (Figs. 8.25 and 8.26). 
The main contributors to the first Principal Component are positive 
values from La, Eu and Th, and to the second Cs together with 
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negative values from Rb and Pa. The third Principal Component has 
major positive values from Rb and Pa. Given that the other non- 
Crambeck samples, which have high Fe values like the Huntcliff 
samples are still successfully isolated it would seem that these 
groupings are reasonably credible and that the errant Huntcliff 
samples (with the possible exception of N17) are due to variations 
in the recipe used for Crambeck greyware production. The fact that 
at least half of the Huntcliff samples fall into this group might 
tend to suggest that they arrived on the site as a single 
consignment, rather than as a series of separate purchases, though 
this depends on this variation being limited to that site and until 
more Crambeck greywares are sampled from other late fourth century 
groups this can be no more than a possibility. 
8.10.1. Calcite gritted wares in the late fourth-early fifth 
centuries. 
The late fourth century saw the rise of the East 
Yorkshire calcite gritted wares (fabric 009) to regional dominance. 
The location of the centre producing the bulk of this fabric would 
appear to be as yet unidentified. The only known kiln site 
producing the major late fourth century form, the so called 
'Huntcliff type' jar, is Knapton (see Chapter 3, Section 3.2). 
However the NAA sampling suggests that this was a very minor source 
of the type and it would seem that the major kiln site has yet to be 
located (see below Section 8.10.2). The centre producing the 
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calcite gritted wares, whatever its location, was certainly the most 
prolific of the East Yorkshire industries, normally supplying at 
least twice the quantity of Crambeck material in the groups. It has 
been suggested by Fulford (1975) that the production of the southern 
industries in the late fourth-early fifth centuries was in decline 
before the final collapse, but there seems to be little evidence of 
this in the north, rather the reverse. As Gillam commented on the 
South Shields material ' how abundant they are may be gauged from 
the fact that at South Shields in 1966 and 1967 there were more 
vessels of defined Crambeck (Corder and Birley 1937) types, or 
of developed Huntcliff types than there were of all other 
types, from all other levels of the whole site, taken together, 
and this in spite of the fact that developed Crambeck and 
Huntcliff types were on the market for less than one sixth of 
the total period of occupation' (Gillam J. P. 1973, p. 62). 
Similarly late fourth to early fifth century material from the 
Binchester excavations is in far greater quantity than is 
represented by its span of the fort's life, but this is also true of 
later second century material. This is because of the nature of 
rubbish disposal on the site; the Antonine peak being the dumping of 
around a metre of gravel and rubbish levelling up the site, whilst 
the late Roman group comes mainly from a rubbish deposit backfilling 
the hypocaust stoke-hole of the Commandant's house's baths. This 
deposit must have been extremely noxious as it contains several 
pole-axed cattle skulls and much other animal waste rotting in the 
centre of the site. The Piercebridge excavations reveal a similar 
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situation with very great quantities of animal bones from the fort 
ditches the main fills of which are late fourth-fifth century. 
Darling reports a similar deposit from the berm outside the city 
wall at Lincoln (1977). All these deposits seem to suggest that in 
this period traditional methods of waste disposal had broken down 
and rubbish was being allowed to accumulate almost where it was 
created. This breakdown in rubbish disposal practice probably goes 
a long way towards explaining the vast quantities of late fourth- 
early fifth century material which tend to be met with on northern 
sites and makes it difficult to assess realistically whether 
production of pottery really was increasing or stable though a 
decline seems unlikely. 
The fabric figures from this study, together with those derived 
from Hull's study (1932) of the other Signal stations and Gillam's 
Catterick report (1957b) are presented in Table 8.21. It must be 
noted that the figures derived from Hull's report are liable to 
over-estimate the quantity of fabric 009 because some of fabric 007/ 
168 is included within them and possibly some of fabric 282; thus 
from Hull's report it might be estimated that fabric 009 is at a 
level of 63.4% by minimum number of rims at Huntcliff, whereas the 
true figure is around 30.6%. 
It can easily be observed that there is little sign of any fall- 
off with distance in the figures with most sites having around 40%- 
50% of the fabric. Running from Beadlam in East Yorkshire up the 
pain north road to the frontier the figures are 43% at Beadlam, 46% 
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TABLE 8.21. 
The distribution of calcite gritted wares in the late fourth-earl 
fifth centuries. 
Site % by % by Wt. % by Min. % by Min. 7. by % 
sherd No. No. of No. of of rim 
rims vessels 
Beadlam 
All lC4th 55.3 57.2 43.2 29.5 48.7 
East Heslerton - - 67.9 - - 
Rudston well 
layer 266-7 lC4th - - 47.9 - - 
Filey; Long 
Whins lC4th - - 44.3 - - 
Filey; Carr Naze 
Signal Station lC4th - - 43.1 - - 
Scarborough Signal 
Station lC4th - - 56.3 - - 
Goldsborough Signal 
Station lC4th - - 75.5 - - 
Huntcliff Signal 
Station lC4th 37.1 39.0 30.6 23.5 28.3 
Catterick lC4th - - 45.6 - - 
Piercebridge 
HS77EW 51.6 56.1 44.6 30.8 55.5 
HS77EX 54.5 58.0 40.8 26.8 52.6 
Binchester 
A2068 lC4th 25.9 36.5 31.5 17.9 19.5 
A2037 lC4th 38.7 38.9 25.0 12.1 32.2 
A1884 lC4th 42.9 53.5 41.3 28.0 46.9 
Poltross Burn 
Period III lC4th - - 47.9 - 51.8 
Old Penrith 43.2 31.9 43.8 33.3 35.1 
at Catterick, 40-44% at Piercebridge and 25-41% at Binchester, but 
in the North-West, the Poltross Burn figure, which should be fairly 
reliable, rises to 60% and the dubious Old Penrith figure is 44% 
(though from a very small and dubious group (see Section 8.9 
above)). Figure 8.27 shows the percentage of jars compared with the 
level of calcite gritted ware. There is some correlation between 
these two figures, though not a very great one (64%), with the 
quantity of calcite gritted ware always below the percentage of 
jars. This correlation would be improved if the if the other 
calcite gritted ware fabrics (007/168 and 282) were included). It 
can be shown by the frequency of deposits of soot and limescale that 
the main purpose of calcite gritted wares was for cooking and 
heating food and water (see Chapter 5, Section 5.6 below) and the 
level of calcite gritted ware supply is probably functionally 
determined with most sites having a fairly constant level though 
with rather higher levels from the Signal Stations and rural sites. 
The functional analysis of fabric 009 from the sites examined in 
this study is shown on Table 8.22. If these figures are compared 
with a similar breakdown of earlier fourth century calcite gritted 
ware (see above Section 7.4.2 Tables 8.7 and 8.8) then it is 
apparent that rather than diversifying production in the extended 
market the potters have specialised even more on jar production with' 
a few dishes and a very few bowls and lids. It is very noticeable 
that many of the smaller late fourth-early fifth century groups only 
contain jars and it takes a very large group to find the functional 
range which quite small groups exhibit earlier in the fourth 
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TABLE 8.22. 
Functional analysis of late fourth century calcite gritted ware. 
Site Jars Bowls Dish Beak Flag Lids Mort n. 
-es -ers -ons -aria 
Beadlam 93.8% 0.7% 4.7% 0 0.3% 0.5% 0 404 
Scarborough 95.5% 0.8% 3.2% 0 0.3% 0.3% 0.3% 378 
Filey; 
Carr Naze 100% 0 
Long Whins 85.2% 0 
East Heslerton94.7% 0 
Goldsborough 98.4% 0 
Huntcliff 93.3% 0 
Piercebridge; 
HS77EW 91.7% 0 
HS77EX 96.8% 0 
Binchester; 
A1884 100% 0 
A2068 100% 0 
A2037 93.3% 3.3% 
Poltross Burn 100% 0 
00 0 0 0 19 
14.8%0 0 0 0 27 
5.3% 0 0 0 0 19 
1.6% 0 0 0 0 63 
6.7% 0 0 0 0 15 
8.3% 0 0 0 0 24 
3.2% 0 0 0 0 31 
00 0 0 0 32 
00 0 0 0 16 
3.3% 0 0 0 0 30 
00 0 0 0 22 
century. One or two other exotica occasionally appear such as 
flagons, of which there are examples from Scarborough (Hull 
M. R. 1932, type 34), Chester-le-Street (Evans J. forthcoming) and 
Corbridge (Simpson G. 1972), and perhaps Beadlam, and the mortarium 
from Scarborough (Hull M. R. 1932 type 30). One type which does 
appear to have a restricted distribution is the wide mouthed jar 
(J015.09). This occurs on most late fourth-early fifth century 
sites in East Yorkshire but only occurs at Thealby, 
Lincolnshire (Dudley H. 1949, Fig. 78) and Binchester outside the 
region. 
The lack of any east-west fall-off must suggest that a similar 
distribution mechanism was in operation for the calcite gritted ware 
to that for Crambeck products. The overall distribution of the 
fabric from sites examined in the study and a brief survey of the 
published sources is shown on Map 8.8. All finds in the North-West 
are from military sites, excepting Carlisle, which might have been 
garrisoned in this period and one rural site at Waitby, Westmorland 
(Webster R. A. 1972), so that some form of official supply mechanism 
might not be unrealistic. Map 8.8 shows, however, an apparent 
penetration of northern Lincolnshire, though this seems to be more a 
result of the use of point distribution maps than of any reasonable 
scale of supply. There are several examples from Winterton near the 
Humber (Rigby V. and Stead I. M. 1976, No. 166) and a few from 
Thealby and Flixborough (Dudley H. 1949, Fig. 78 and p. 175) and a 
single dubious example from Lincoln (Coppack G. 1973, No. 63). This 
latter sherd, however, is described as a 'jar in Huntcliffe ware 
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with sparse shelling' which suggests either that the description is 
in error or that it is an imitation of the form in a local fabric. 
Be this as it may the type is absent from the very large group from 
the city ditch (Darling M. 1977) and is clearly a very occasional 
occurrence. In comparison with any late fourth-early fifth century 
group north of the Humber Huntcliff types appear to be rare in North 
Lincolnshire, excepting the area immediately south of the river, and 
their distribution coincides pretty closely with that of the late 
Crambeck types. 
8.10.2 N. A. A. of calcite gritted wares. 
As noted in Chapter 4, Section 4.4.3 there remains some question 
as to which centres calcite gritted wares were manufactured at upon 
which N. A. A. may shed some light. The only known production site is 
at Knapton (Corder P. and Kirk J. L. 1932) where Knapton type jars 
were certainly manufactured and the manufacture of 'proto-Huntcliff' 
and Huntcliff type jars was also suggested in the report, though 
these would appear, from this, to be a minor component of the 
products. It was, therefore, of interest to test whether the latter 
types were Knapton products or merely material in use on the site, 
and if they were site products to attempt to assess their importance 
in the supply of these types. Swan (pers. comm. ) has also suggested 
production of Knapton type jars at Norton, noting that several were 
found amongst the wasters, a feature interpreted by Corder (in Hayes 
R. H. and Whitley E. 1950) as vessels used as kiln furniture. At 
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Crambeck too Corder and Birley (1937) suggested production of 
Huntcliff type jars (type 16) though Gillam (1957b) convincingly 
interpreted the low quantity of this type at the kiln site, when 
compared with other occupation sites, as making production 
improbable. 
To examine this latter question four sherds of calcite gritted 
ware from Crambeck, along with two from Crambe and an Iron Age type 
sherd from Crambeck were sampled (Sample Nos. Y18, Y19, Y20, Y24, 
X13, X14 and Y21). The initial 'normalised' results (Appendix 3) 
show that these were not derived from the Oxford clay, as were the 
greywares and parchment ware, though the possibility of a source 
with the Crambeck redware in the boulder clay remained. A 
comparison of the calcite gritted ware and the redware was therefore 
performed with Clustan. All three dendrograms (Figs. 8.28 to 8.30) 
are very clear, showing no overlap between the redwares and the 
other samples, though the redwares have once more been split into 
two groups (see above Chapter 4, section 4.4.2.4). The Principal 
Components plot (Fig. 8.31) is also very clear in separating the 
redwares from calcite gritted and Iron Age type samples. The 
eigenvectors indicate that the chief values in the first Principal 
Component are positive ones from Co, Cs, and Tb whilst the second 
component has high values from Hf, Pa and Cr. There seems little 
doubt from this that neither the calcite gritted wares, not the Iron 
Age type sherd (which might be expected to be a domestic product) 
are derived from the same local boulder clay as the Crambeck and 
Crambe redwares. It is, therefore, highly improbable that calcite 
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gritted wares were manufactured at Crambeck or Crambe. 
Before comparing Norton and Knapton kiln material with site 
samples it was decided to compare these two possible production 
sites to see if they could be well separated in terms of each other 
and to examine the associations of the two samples from Knapton with 
Huntcliff type rims (Samples D4 (J005.01) and D5 (J015.09)). 
Figures 8.32 to 8.34 show the three Clustan dendrograms and Figure 
8.35 the Principal Components plot. All three dendrograms succeed 
fairly well in discriminating between the two groups. Ward's method 
includes three of the Knapton samples in the Norton group, one of 
these sherds being the sample D5, and one Norton member with the 
Knapton group. Flexible Beta places one Knapton sherd in the Norton 
group and one Norton sherd with Knapton, but it tends to split 
Knapton into two groups, whilst Average Link entirely separates the 
Norton material, but mixes Knapton with the standards a little and 
also places several Knapton sherds as outliers (including Sample 
D5). The sample of Norton kiln material (X16) is also consistently 
rejected as an outlier by all methods. 
The sample of the Huntcliff type jar, D4, is consistently placed 
in the core Knapton group by all methods and by the Principal 
Components plot. The origin of this sample at Knapton seems secure, 
and with this Knapton production of Huntcliff type jars. The sample 
D5 of the Huntcliff type wide-mouthed jar/bowl (J015.09) is not so 
clearly a Knapton product and it is grouped with the Norton sherds 
in the plot of the first and second Principal Components. A Norton 
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origin for the sherd seems unlikely however, but it would seem 
possible that this is a sherd in use at, rather than manufactured 
at, Knapton, though it may equally well just be another outlier. 
The importation of calcite gritted wares to the site can be 
explained at Crambeck-, Holme and Norton by functional considerations 
(See Chapter 5, Section 5.6) but this cannot explain the arrival of 
other calcite gritted wares at Knapton, though occupation of the 
site after pottery production had ceased would. 
The main positive contributions to the first Principal Component 
are Cs and Fe with a major negative value from Pa whilst the second 
component has strong positive values from La and Eu. 
In order to examine the possibility of calcite gritted ware 
production at Norton the Norton kiln material was compared with 
Knapton and all the site samples of calcite gritted ware. The three 
dendrograms are presented on Figures 8.36 to 8.38 and the two 
Principal Components plots on Figures 8.39 and 8.40. All three 
dendrograms produced broadly similar results with the Norton kiln 
group being fairly well defined but the Knapton group rather spread, 
and in the case of the Group Average method the Knapton group is not 
defined at all at a level above the grouping of the second 
standards. Though split into three groups, whether placed together, 
as in the Flexible Beta and Group Average runs, or dispersed, as 
with the Ward's method run, the visually defined fabric 007/168 is 
quite well separated from the other calcite gritted wares. 
The core of the Knapton group, though similar, tends to remain 
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fairly distinct from the mass of the late fourth century calcite 
gritted wares but the predominantly early-mid fourth century S-bend 
and 'proto-Huntcliff' types tend to be associated with Knapton 
material and do not generally group with the late fourth century 
Huntcliff types. The two Knapton type sherds sampled (Q18 and Y24 
from Greta Bridge and Crambeck respectively) tend to be the only 
samples which group with the Norton kiln material, though 
examination of the two Principal Components plots suggests that they 
are not as close to the Norton group as the dendrograms suggest. 
The main contributors to the first Principal Component are positive 
values from La, Ce, Eu and Th and the second Principal Component has 
a positive input from Cs and a negative one from Hf, whilst the 
third has strong positive values from Cr and Fe. 
It seems clear from these results that the fabric 007/168 is from 
a different source to the remainder of the calcite gritted wares, 
however, the results are not as lucid as they might be with regard 
to separating Knapton from the Huntcliff types, or otherwise, and 
Norton from Knapton type jars. It was therefore decided to remove 
the examples of fabric 007/168 from the runs in order to see if this 
improved the discrimination between the remainder of the samples and 
to examine the Norton and Knapton kilns with just the earlier site 
samples. 
Figures 8.41 to 8.43 show the three Clustan dendrograms of the 
Norton and Knapton kilns and the earlier calcite gritted ware site 
samples and Figures 8.44 and 8.45 the two Principal Component plots. 
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In all three dendrograms the Norton and Knapton material is well 
separated though both Group Average and Flexible Beta produce a 
small sub-group to the Knapton material. The distribution of the 
site samples in the dendrograms is fairly clear with the Iron Age 
type sherd from Crambeck and the two Knapton types from Crambeck and 
Greta Bridge (Sample Nos. Y24 and Q18) grouped with Norton whilst 
the S-bend and 'proto-Huntcliff' type sherds from the early fourth 
century groups at Greta Bridge and Vindolanda (Sample Nos. S10, S17, 
S20 and S21) grouped with the Knapton material. The plot of the 
first and second Principal Components produced very similar results 
though sample Q18 is a little distant from the core of the Norton 
group though it is closer in the plot of the first and third 
Principal Components. 
The conclusion to be drawn from this must be that these Knapton 
type jars were made at Norton or at least that they originate from a 
similar clay source to that at Norton, as the Iron age type sherd 
would also appear to do. In the case of the latter especially, as 
it is intermediate between the Knapton and Norton groups on the plot 
of the first two Principal Components, it may be most sensible to 
conclude that it comes from a similar clay source, but it is 
difficult to deny a Norton origin to the other two samples. 
The evidence from the excavated kilns (Hayes R. H. and Whitley 
E. 1950) where Knapton type jars are found in very small quantities, 
makes production there unlikely, so if these vessels were produced 
at Norton then it seems probable that it was in a different area of 
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the site. It is also of note that the clay source of the Norton 
kiln furniture would appear to be different from both the Norton 
greyware sherds and the Knapton type jars. 
Only one sample (T8) from Vindolanda in an internally grooved 
rimmed 'proto-Huntcliff' form, which is liable to date to the mid 
fourth century, out of the five earlier fourth century samples, 
appeared to group with the late fourth century calcite gritted ware 
in the previous runs (Figures 8.36 to 8.38). To test this more 
thoroughly and the Knapton attribution of the other earlier fourth 
century calcite gritted samples these were run with the kiln group 
and the late fourth century Huntcliff types in fabric 009. 
The three Clustan dendrograms are presented on Figures 8.47 to 
8.49 and the two Principal Components plots on Figures 8.50 and 
8.51. All three dendrograms produce basically similar results 
though with differences of detail. Knapton tends to be split into a 
core group and another smaller one whilst the vast majority of the 
later fourth century samples are well separated from the Knapton 
material. Now that other groups have been removed this basic 
division between the Knapton material and the late fourth century 
site finds is fairly marked and sufficiently above the level at 
which the second standards group for it to be unlikely that this 
effect is a result of experimental error. It now seems apparent 
that Knapton is not the source of the vast bulk of the late fourth 
century calcite gritted wares in the north. Samples Q18 and Y24 , 
the Knapton type jars, which seem to group-with Norton (see above) 
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tend to remain as outliers together with Y21 (the Iron Age type 
sherd) and a couple of Knapton kiln samples (C7, C16 and C18). 
Samples S10, S20, S21 and T8, early-mid fourth century sherds from 
Greta Bridge and Vindolanda are generally grouped with the Knapton 
kiln material. Sample S17 is an outlier in two of the dendrograms 
but is placed with a predominantly Knapton group by Flexible Beta. 
The plot of the first and second Principal Components places this 
sample with Knapton though the plot of the first and third shows it 
as an outlier, so that it could be of Knapton origin, but if not 
then it would seem to be from a different source to the bulk of the 
late fourth century material. The main positive contributors to the 
first Principal Component are La, Fe and Eu and Cs is a major 
positive value for the second with hf and Pa giving negative values. 
The third Principal Component has strong positive values from Hf and 
Cr. 
The attribution of the earlier fourth century calcite gritted 
wares to Knapton has interesting implications for the supply of this 
fabric in the north in the fourth century for the tremendous 
increase in supply after cA. D. 370 now appears to come not from 
increased production in an established centre (i. e. Knapton) but 
from a completely new centre which shows little sign of any previous 
penetration of this market. 
The Ward's method and Flexible Beta dendrograms show that most of 
the late fourth century samples form a single group and the 
principal Components plots also make this fairly clear. The 
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outlying samples are P3,019, Y19 and Y20 from Huntcliff and 
Crambeck which tend to end up in a predominantly Knapton group in 
the dendrograms. The Principal Components plots suggest that P3 
belongs with the rest of the group but 019, Y19 and Y20 are 
outliers. These three samples are nearer to the Knapton group than 
the rest of the late fourth century samples but they are outliers, 
so that a separate source, rather than a Knapton origin, would seem 
probable for them. 
Overall N. A. A. of the calcite gritted ware samples has proved 
quite successful . It remains possible that Norton was responsible 
for some of the third century production of Knapton type jars though 
more samples are needed to assess this fully. Knapton would seem to 
have produced most of the early fourth century gritted wares found 
in the north. Then there seems to have been a complete break in 
supply with a new centre producing the huge quantity of late fourth 
century Huntcliff type jars which flooded the north. This centre 
would seem to have started from scratch without any previous market 
share and this reinforces the suggestion made above (Section 8.9) 
that late fourth century supply was determined by some form of 
'military contract' type arrangement rather than free market forces 
for in the latter case one might expect to see a market developing 
rather than just appearing, dominated by a single source. The 
fourth century fabric 007/168 has been fairly successfully 
characterised and it can be chemically distinguished from fabric 
009. 
367 
8.11. Fabric 007/168. 
Fabric 007/168 is another fabric in the calcite gritted family 
derived from the East Yorkshire Iron Age tradition and producing 
forms which would not be out of place in it. The fabric is 
handmade, with abundant moderate/coarse sand temper and has very 
occasional calcite inclusions and it is usually black. It is 
distinguishable from fabric 282, to which it is very similar, by its 
general lack of calcite tempering and its black surfaces. The 
fabric would seem to have emerged a little after the middle of the 
fourth century for it is absent from the small Beadlam group 'North 
of North Wing C' which seems to date to early in the century and 
there is no evidence of it in the published material from the early 
fourth century Rudston well deposit (layer 278) but it appears at 
Beadlam in the group 'DXII SE Occupation' and 'LB-Courtyard under 
yard' both of which seem to close by cA. D. 370 (though the latter 
contains much residual material) and in the mid fourth century 
groups from Malton which must close around the same time (Table 
8.23). The type is also found in Phase 8b at Binchester which post 
dates a coin of A. D. 350-60 but contains no Huntcliff type jars or 
painted parchment ware and therefore must close by S. A. D. 370. Thus 
the type would seem to emerge a little before the true Huntcliff 
type jars and painted parchment ware in East Yorkshire and although 
it arrived after them at Birdoswald (Birley E. 1930) it is clearly 
not a reliable late fourth century type fossil for Hadrian's Wall as 
Birley believed since it appears at Binchester before cA. D. 370. 
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TABLE 8.23. 
The distribution of fabric 168 in the fourth centur 
Site % by % by Wt. % by Min. % by Min. % by % 
sherd No. No. of No. of of rim 
rims vessels 
Malton mC4th 3.7 1.2 1.9 4.7 2.0 
Beadlam 
DXIISE Occn. mC4th 0.5 0.2 2.4 1.4 1.6 
All lC4th 3.5 2.5 3.3 4.5 3.8 
Binchester 
Phase 8b mC4th 1.1 1.0 2.1 2.0 3.3 
A1884 lC4th 5.7 6.9 2.7 4.8 3.0 
A2068 lC4th 6.1 4.7 3.7 3.8 10.8 
A2037 lC4th 3.6 3.9 10.2 6.0 9.6 
Piercebridge 
HS77EW lC4th 3.8 4.3 7.1 5.5 4.9 
HS77EX lC4th 2.4 1.4 3.9 4.9 4.2 
Catterick lC4th - - >3.2 - - 
Huntcliff Signal 
Station lC4th 29.8 33.7 16.3 22.1 32.7 
Goldsborough Signal 
Station lC4th - - 6.4 - - 
Scarborough Signal 
Station lC4th - - 10.1 - - 
Filey; Carr Naze 
Signal Station lC4th - - 9.1 - - 
Filey; Long Whins 
lC4th - - 21.3 - - 
East Heslerton lC4th --7.1 
The percentages of this fabric in late fourth-early fifth century 
groups in East Yorkshire must suggest that the source of the fabric 
was somewhere to the east of Malton, probably near the coast since 
the Signal Stations seem to be far better supplied with this type 
than any other site in the study. The apparent peak of the type at 
Huntcliff is probably due to its under-estimation on the other 
Signal Stations where it can only be identified by some of its more 
distinctive forms in Hull's report (1932, types 24 and 25). The 
type was clearly present at Rudston in the late fourth century well 
deposit (Rigby V. 1980, No. 307) but it has been classified with 
fabric 282 in Rigby's fabric 2e and no estimate can be made of its 
quantity, though its presence may be some part of the cause of the 
very large peak apparently of fabric 282 at this site (see Section 
8.7 above). 
The distribution of this fabric type offers a very interesting 
contrast to that of the Crambeck and Huntcliff types in that it 
seems to have an east-west fall-off. There is little fall-off south 
to north from Beadlam to Binchester and this taken with the very 
high figures for all the Signal Stations may indicate the use of 
water transport, but the fabric does not seem to penetrate far over 
the Pennines. There are examples from Birdoswald (Birley E. 1930b, 
type 21) but the type is absent-from Poltross Burn and probably from 
Carlisle (Carlisle Unit pers. comm. ). Elsewhere in the North-West 
there is an example from Maryport (Greene K. 1976; Fig. 11, No. 23) 
and a very dubious sherd from Old Penrith and there is another 
illustrated from Ravenglass which might be in the fabric (Lockwood 
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H. and Turner R. C. 1979, No. 124). 
On the present evidence the weak distribution of the type in the 
North-West (Map. 8.9) seems significant and its distribution is very 
similar to that of other East Yorkshire fabrics in the early fourth 
century. It is a distribution which looks much more like one 
determined by transport costs and competition than the Huntcliff and 
Crambeck distributions, an effect which seems, to strengthen the 
interpretation of those distributions as owing to some form of 
official contract, at least in the North-West. The only sites with 
large enough groups of the fabric to give much point to a functional 
breakdown are Beadlam where there are 31 vessels, 100% being jars, 
Huntcliff with 9 vessels, 100% also being jars and Binchester with 8 
vessels, 100% also being jars. The commonest forms in the fabric at 
Beadlam, however, are not simply, as might be expected the small 
jars (J005.03 and J013.04) with the burnished lattice decoration 
(Birdoswald type 21) and the rimless jars (J020.05, JO20.09, J031.02) 
but also Hunteliff type jars (JO05.01). At Huntcliff, also, three 
of the nine jars are in Huntcliff or closely related forms 
(J005.01, J005.04). The Huntcliff type jars in this fabric are not 
restricted to the East Yorkshire region as three out of eight 
examples from the late Binchester groups used in this study are also 
of the type or closely related variants (J005.01, J010.03). 
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8.12. Southern Shell Tempered Ware. 
Southern Shell Tempered Ware (fabric 120) is a well-known fabric 
in southern England (Saunders J. 1973) supplying a major component 
of assemblages in areas as far apart as the Nene Valley (Jones 
R. F. J. 1975) and Oxfordshire (Bodribb A. C. C., Hands A. R. and Walker 
D. R. 1973) probably produced in a number of centres, including Much 
Hadham. It has now been recognised on a number of sites in northern 
England. All of the published examples are of early forms with 
everted rims, but not undercut, and the two examples which can be 
dated, those from Appletree turret (Newbold P. 1913) and Mumrills 
(MacDonald G. 1928-9; Fig. 97) are from later second century 
contexts. The number of examples is very small but the distribution 
of the type would seem to be predominantly easterly and it would 
seem likely that the type is arriving with other vessels (mainly 
BB2) in the east coast trade. The small quantity of vessels in the 
north and the fact that all the early vessels would seem to be jars 
may suggest that these vessels could have travelled as containers 
rather than as cooking vessels, though they may have been superior 
to BB1 for this purpose (see Chapter 5, Section 5.6). 
The other examples of the type in the north are generally jars of 
the undercut square-ended rim type (J029.01) which generally occur 
in late fourth-early fifth century contexts. Plouviez (1976) dates 
the emergence of this type to the 340's and the earliest northern 
example is from Binchester phase 8b which appears to date cA. D. 350- 
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370. The jar type has been recognised in this study at Binchester, 
Piercebridge and Beadlam but there appear to be no published 
examples of this type in the north. The Binchester group also 
includes an unstratified example of the flanged bowl type (Bodribb 
A. C. C., Hands A. R. and Walker D. R. 1973, No. 630). The 
distribution of these late fourth century examples resembles that of 
the second century ones and probably suggest that they came from 
East Anglia perhaps in the east coast trade (Map 8.10). However, 
the evidence for the east coast trade in the late fourth century is 
limited and since Nene Valley colour coats may have travelled 
overland (see Section 8.13) and there appears to be an example of 
the type from Lincoln (Darling M. 1977, No. 99) the type might have 
travelled north overland. There is though a concentration of Much 
Hadham, Oxfordshire, Argonne and Southern Shell Tempered Ware 
together at Binchester which does seem to suggest coastal trade 
since few site to the south have such an extensive collection of 
material from beyond the region in this period. This is not simply 
a function of the large size of the Binchester groups examined since 
the comparatively sized groups from Beadlam only contain one sherd 
of Southern Shell Tempered Ware. 
8.13. Nene Valley ware in the fourth century. 
Tables 8.24 and 8.25 tabulate the data from this study and other 
published sources for Nene Valley fabric in the fourth century. The 
early-mid fourth century figures (Table 8.24) present a picture very 
similar to that of the third century with a fairly uniform level of 
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TABLE 8.24. 
Nene Valley colour coated wares in the early fourth century. 
Site % by % by Wt. % by Min. % by Min. % by % 
sherd No. No. of No. of of rim 
rims vessels 
Castleford 
layer 260 eC4th 5.4 1.3 7.7 6.9 10.1 
Cawood all C4th - - 4.7 - - 
Brough-on-Humber 
Period VIII e-mC4th - - 0 7.7 0 
BII (4) e-mC4th - - 6.9 23.3 3.9 
FXII(3) mC4th - - 2.9 13.5 4.2 
York; Skeldergate 
well mC4th 13.1 5.4 3.0 15.3 2.1 
Malton mC4th 9.4 5.6 3.8 8.6 7.3 
Hutton Ambo mC4th 0 0 0 0 0 
Beadlam 
DXIISE Occupation 4.2 2.3 4.9 7.0 0 
mC4th 
Greta Bridge 
Phase 5 eC4th 1.4 0.2 0 2.7 0 
Binchester 
Phase 8b mC4th 15.3 6.1 12.5 14.3 16.9 
Apperley Dene eC4th - - 10.0 - - 
South Shields eC4th - - 0 - - 
Carrawburgh Mithraeum 
Period III eC4th - - 0 - - 
Vindolanda 
layer 184 eC4th 11.0 6.3 16.7 17.2 46.4 
Old Penrith eC4th 6.3 2.3 3.7 13.8 3.0 
Chester; well II (3) 
lC3rd-mC4th - - - 1.6 - 
TABLE 8.25. 
Nene Valley colour coated wares in the late fourth century. 
Site % by % by Wt. % by Min. % by Min. % by % 
sherd No. No. of No. of of rim 
rims vessels 
Beadlam all 1C4th 2.4 1.1 2.5 5.6 2.5 
Huntcliff lC4th 1.4 0.4 0 2.9 0 
Catterick lC4th -- 7.6 - - 
Binchester 
A2068 lC4th 7.3 5.0 9.3 12.3 7.5 
A2037 lc4th 7.4 6.1 6.8 6.6 6.9 
A1884 lC4th 7.0 3.1 6.7 16.0 3.6 
Piercebridge 
HS77EW lC4th 6.0 2.9 5.4 12.1 2.5 
HS77EX lC4th 4.8 4.2 5.3 8.9 7.4 
Poltross Burn lC4th - - 0 - 0 
Lincoln lC4th 14.0 - 22.6 - - 
Great Casterton - - 57.0 - - 
Lynch Farm lC4th 50.0 - - - - 
supply across the region with very little sign of any fall-offs with 
distance and no obvious sign of higher values at coastal sites 
suggesting little use of water transport in the distribution 
network. Variations between individual sites seem likely to be due 
to functional factors and possibly supply in terms of type of site. 
The late fourth century ones are perhaps the most interesting of 
the Nene Valley figures because published sources provide data to 
the south of the region at Lincoln, Great Casterton and Lynch Farm. 
There are regrettably no figures from the North-West for the late 
fourth century. The figures from the east coast show a south-north 
fall-off up to the study area (though the Swanpool kilns almost 
certainly enhance the Lincoln figure) though within the study area 
the distribution seems comparatively even. The variations between 
sites in the study area appear to be mainly determined by the type 
of site (reflecting the overall variations in fineware supply (see 
above Chapter 6)) with forts and towns better supplied than rural 
sites. 
Function figures for the late fourth century Beadlam and 
Binchester groups are presented on Table 8.26. The early-mid fourth 
century groups from Castleford and Malton both contain two beakers 
whilst those at Brough on Humber contain two beakers and two lids. 
It can be seen from Table 8.26 that this restricted functional range 
in the early-mid fourth is followed by a major diversification in 
the later fourth-fifth century from an almost exclusive 
concentration on beakers to sale of a range of dishes and bowls as 
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TABLE 8.26. 
Functional breakdown of Nene Valley colour coated wares from C4th 
sites. 
Site Beakers Bowls Dishes Flagons Lids 
Castleford 260 20000 
Malton mC4th 20000 
Brough-on-Humber 
e-mC4th 20002 
Beadlam all lC4th 89311 
Binchester lC4th 76415 
well. The reason for this may be the decline in the use of beakers 
in the later fourth century (see Chapter 5, Section 5.2) and perhaps 
competition from Crambeck greyware beakers. It is, however, 
peculiar that Nene Valley products diversify into tablewares in the 
late fourth century when they would seem to have major competition 
from Crambeck parchment wares but fail to export these forms to the 
north in quantity earlier when there were no fineware supplies in 
these vessel classes. 
The late fourth century evidence is not well enough distributed 
to be certain but it would seem generally to be the case that Nene 
Valley wares were transported by land and thus they cannot present 
any evidence of the continuation of the east coast trade beyond the 
mid third century, or a little earlier, when BB2 ceased to be 
imported into the north. 
8.14. Discussion of pottery supply in the fourth and early fifth 
centuries. 
Pottery supply in the fourth century in northern England went 
through a number of dramatic changes, the most' striking being the 
cessation of pottery supply early in the fifth century. Early in 
the fourth century the ceramic isolation of East Yorkshire from the 
rest of the study area seems to start breaking down and East 
Yorkshire centres seem to start supplying other parts of north- 
eastern England. - It looks very much as if this took place because 
of a serious shortfall of supply in the North-East in the early 
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fourth century with BB1 withdrawing from the market. Another 
phenomenon which may well also be'a response to this situation is 
the apparent development of a number of kiln sites in the North-East 
at this period. It seems probable that a couple of sites were 
producing gritted wares in this region at this time and there seems 
to have been a source producing mortaria, probably centred on 
Piercebridge (K. Hartley pers. comm. ). The diversity of sources which 
filled the gap left by the withdrawal of BB1 from the area; the 
South Yorkshire industry in the south, the East Yorkshire industry 
in the North-East together with the gritted ware producers very much 
suggests that BB1 was suffering from the effect of its own transport 
costs in reaching the market rather than its being driven out by 
serious competition from other suppliers. 
In the North-West BB1 seems, far from retreating, to have been 
intensifying its grip on the market and there is no suggestion that 
its supply was declining before it suddenly ceased, probably in the 
decade cA. D. 360-70. The decline of BB1 in the North-West seems very 
odd. It is very fast and total, there is no sign of a gradual 
decline or of a retreat to supplying coastal regions only which 
might be expected if it was due to free market competition. This 
could be due to such factors as piracy in the western sea lanes as 
Williams (1977, p. 205) has suggested but taken with the evidence of 
the distribution of Crambeck ware and Huntcliff type calcite gritted 
wares following the end of BB1 supply this seems unlikely. Instead 
it would seem that BB1 was driven out of the North-West by an 
administrative decision to change the method of army supply in the 
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later fourth century. Army supply in the earlier fourth century, as 
in the third century, would seem to have relied on free market 
forces, in the later fourth century the distributions of Crambeck 
and Huntcliff type calcite gritted wares makes this interpretation 
impossible and the operation of some form of 'military contract' 
seems inevitable. The date of this change would seem likely to be 
before cA. D. 375 when the Signal Station system seems to have been 
created and it could be regarded as part of a general reorganisation 
of the northern frontier after the events of A. D. 367-8 though this 
can never be proven. 
In the late fourth century, for the first time, the pottery 
supply fell into line with the rest of the area. The reason for 
this, as Rigby has pointed out (1980), was the supply of the rest of 
the region rather than that the East Yorkshire area had become more 
permeable to supplies from elsewhere. The location of the site 
producing Huntcliff type wares is not known, but it is of note that 
the Crambeck site seems to have been near what would appear to be 
the tribal boundary, perhaps an advantageous location to enable it 
to supply areas outside East Yorkshire 
The end of pottery supply would seem to come fairly rapidly, 
probably in the second decade of the fifth century. The Binchester 
phase 9 deposit would seem to suggest that supply was still 
plentiful early in the fifth century, or very late in the fourth as 
phase 9 succeeds phases 8C, D, and E, all of which appear to post- 
date cA. D. 370. Similarly the Signal Stations, the coin list of 
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which and the copper hoards (Reece R. 1974) seem to suggest 
occupation at the very end of the fourth century and probably early 
in the fifth, do not seem to have an aceramic phase and were 
therefore still being supplied at the end of the century. It seems 
generally improbable that the English arrived as settlers before the 
third decade of the fifth century (Morris J. 1973) but late Roman 
pottery is found on two early English sites in East Yorkshire in 
circumstances which suggest that it was still being used, so that it 
would not seem to have entirely gone out of use by this period. 
However, there is no evidence, and it seems inconceivable, that 
pottery continued to be traded after coinage went out of use, an 
event which Reece suggests was probably completed by the third 
decade of the fifth century (Reece R. 1974). Burnett has recently 
(1984) suggested that the silver coinage collapsed at the end of the 
first decade of the century due to clipping, but this seems 
improbable since the silver coinage would still have an intrinsic 
value and the moneychangers would surely simply treat it by metal 
weight instead of as coin. Whatever the reason for the end of the 
pottery industry it seems most unlikely that the English had 
anything to do with it, Deira seems to have been a British kingdom 
before it fell to the English (Faull M. 1984) and it is most 
probable, therefore that the whole of the study area was still under 
British control when the kilns ceased producing, as was certainly 
the case with many major kiln sites in the south. 
The northern pottery industry seems most likely to have come to 
an end in the general economic collapse early in the fifth century, 
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probably in its second and third decades and the best model of the 
cause of this that the present author can find is outlined in 
Chapter 2, Section 2.4.6 in short the cessation of taxation and 
public expenditure leading to such a slump that the trading economy 
was wiped out with them. 
Fulford (1975, p. 134) has suggested that ' if the evidence from 
the New Forest is a true reflection of the general situation, then 
it would seem that the amounts of pottery were decreasing overall 
both in the fine and greywares'. Whether or not this is the case in 
the south there seems to be no evidence of it in the fourth century 
in the north, though it is probably partly because of a breakdown of 
waste disposal habits, the quantity of late fourth-early fifth 
century pottery on sites in the north tends to be very great. 
Romano-British material culture in the North would seem to end with 
a bang not a whimper. 
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9. CONCLUSIONS. 
9.1. The value of neutron activation analysis in the study. 
The N. A. A. has been of limited but real value to the study. It 
succeeded fairly well-in the first major task of characterising the 
various East Yorkshire kiln sites, though in order to achieve a 
separation which might be capable of real use with the site material 
it was necessary to make initial visual categorisations of the 
material into broad ware groups. The spread on the second 
standards, which in the case of many of the better defined kiln 
groups is of a range little less than that within the kiln groups, 
suggests that better resolution in the detector and consequently 
improved counting statistics would probably improve the 
discrimination between the kiln sites. 
The achievement of the basic characterisations of the kiln sites 
has also produced some conclusions of archaeological value. The 
N. A. A. results suggested that the Crambeck greywares were a result 
of the mixture of two clays, a result confirmed by subsequent thin 
section analysis by Mr P. Wardle, a situation which may be commoner 
than it seems, but is rarely observed. It is also clear that 
several sites appear to have drawn on more than one clay source or 
that the post-extraction treatment of the clay has been on a 
sufficient scale to transform its overall chemical composition. One 
of the most useful functions of the N. A. A. kiln characterisations 
has probably been in eliminating sites as potential sources of 
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calcite gritted wares and the site samples and kiln 
characterisations together have demonstrated reasonably well that 
the kiln site for the production of the bulk of late fourth century 
calcite gritted wares has still to be located. 
Turning to the site samples, one inherent problem in the kiln 
characterisations must be admitted, which is that whilst they are 
accurate for the material which has been sampled they may well not 
cover the whole range of the industry, especially where the industry 
is geographically dispersed, such as at Holme-on-Spalding Moor and 
where only two of the constituent kiln sites have been analysed. 
The site samples of Crambeck material seem to have proved 
successful at confirming their origin and in pointing out occasional 
variations in the fabrics whilst the calcite gritted ware samples 
have produced conclusions of quite major archaeological importance. 
These latter have shown that the late fourth century Huntcliff type 
jars would seem to come mainly from a single centre, unrelated to 
the earlier production centre at Knapton which supplied calcite 
gritted ware throughout the North-East in the early fourth century. 
This probable change in kiln sites suggests that the dominance of 
the Runtcliff type in the late fourth century was not the product of 
an evolution from earlier markets but represented a revolution in 
northern ceramic supply. 
The BB1 and BB2 samples have generally produced fairly consistent 
results suggesting that both of these fabrics in the third century 
and BB1 in the early fourth century generally came from two single 
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sources, Dorset in the case of the former. The analyses of the 
third. century and other greywares have proved rather less 
successful, though in part this result was expected. The Lockington 
kiln appears to have played no major part in general northern 
supply, as its minor nature and general location implies. Site 
samples of possible Norton and Holme products have not been grouped 
with the kiln material and this suggests that some of the material 
visually assigned to these groups may not have such an origin, 
though in the case of Holme especially this could be because of the 
inadequate range of the chemical definition of the kiln sites rather 
than a reflection of the true origin of the sherds. 
The remaining greyware site samples were not very successful 
though it was not expected that they would reveal very much. They 
would seem to suggest that two or three main centres were supplying 
greywares in north-eastern England but no groups could be defined 
which were more restricted in the range of forms or chronology than 
the whole set of samples and no correspondence could be made with 
the visually defined fabric types. 
9.2. Conclusions from the study. 
The aim of this study has been to examine northern pottery 
assemblages within the theoretical framework laid out in Chapter 1. 
This has involved the recognition of the need for 'several cross- 
cutting classifications into types' as Hodson noted (1981) so that 
various different aspects of the assemblages might be highlighted. 
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It has also illustrated the point that the various attributes 
subject to classification are not in reality independent variables, 
though they tend to be treated as such, but are in fact all related 
as suggested in Figure 1.3. The recognition of this allows for the 
primary interpretation of one attribute, for example fabric, to be 
qualified by another, for example function, so that variations which 
appear random in terms of trade, economy and transport costs, for 
which fabric is normally studied, may be explained by the spatial 
arrangement of site functions. Thus, the apparently negative fall- 
off in Crambeck greyware is probably partly determined by the use of 
a higher percentage of tablewares'at and Binchester than at Beadlam, 
East Heslerton and on the Signal Stations, and similarly the large 
percentage of Nene Valley fabric at the Carrawburgh Mithraeum is to 
be explained by functional and quality considerations. The 
consequence of this is that a study of a large number of pottery 
attributes has, hopefully, led to a greater understanding of any one 
of them than an isolated study of the attribute alone would have, 
however little that understanding may still be. 
9.2.1. Kiln locations'and the origins of the industries. 
The location of the third and fourth century pottery kilns gives the 
first indication of what seems to be a major division of the study 
area, both in ceramic and other terms (see Chapter 2) with nearly 
all of them confined to Parisian territory in East Yorkshire Here 
there seems to be an indigenous potting tradition stretching back 
into the Iron Age, onto which more romanised traditions were 
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grafted, as in many other areas of lowland England. Outside East 
Yorkshire kilns with apparently military connections flourish in the 
second century (Swan V. G. 1984, Map 4) but subsequently fade away 
and apart from a short burst in the North-East in the early fourth 
century (see Chapter 8, Section 8.6.1) and perhaps at York in the 
late third century (see Chapter 7, Section 7.9) potting virtually 
dies out by the end of the second century. The East 
Yorkshire pottery industries generally would seem to have found no 
great advantage in locations adjacent to the towns, though the case 
of Norton suggests that neither was such a location a major 
disadvantage, so that the rural location of most sites may be no 
more than a reflection of a higher demand for land adjacent to urban 
centres for horticultural production and competition in demand for 
fuel. 
The origins of many of the East Yorkshire industries are 
difficult to judge; the Knapton industry clearly derives from pre- 
Roman local traditions, whilst the Holme-on-Spalding Moor industry 
has strong links with North Lincolnshire both in kiln type and 
forms. The Lockington kiln is of a type commonly found in the 
South, but the products are not distinctive of any region and the 
Norton industry has some form parallels with North Lincolnshire but 
the kiln types have nothing in common, whilst the Crambeck industry 
has some similarities with a number of centres but no one of them 
can be maintained as having originated the Crambeck industry. No 
kiln structures are known from the Cold Cam industry but the forms 
produced and the use of the Oxford clay outcrop both rather suggest 
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that this industry is related to the Crambeck centre. 
A number of East Yorkshire industries show interesting evidence 
of associated activities, both ironworking at Holme-on-Spalding 
Moor, Cold Cam, Norton, Crambe and possibly Crambeck and probably 
glassworking at Holme-on-Spalding Moor and it is possible that 
brewing might also have taken place at Norton and Crambe. It also 
seems evident that the main associated activities with potting must 
have been in woodland management and production. This is a winter 
activity which is complementary to the summer potting season whereas 
most agriculture would compete with potting for attention in the 
crucial summer months. 
9.2.2. Fabric supply. 
Fabric supply in the third century seems to reflect the divisions 
of the study area between East Yorkshire and the remainder already 
noted above in relation to the location of kiln sites. Within East 
Yorkshire supply was dominated by the Knapton industry for cooking 
wares (see Chapter 7, Section 7.4.2 and the Norton and to a lesser 
extent the Holme industries for greywares. The distribution of 
Knapton products and indeed of all the East Yorkshire products does 
seem to show a marked tendency to restrict itself to East 
Yorkshire whilst almost the only fabrics produced outside East 
Yorkshire which penetrate into the region are finewares or other 
specialist products such as mortaria, and it seems probable from 
this that some form of social constraint must have been operating on 
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the distributions. The limited distribution of Knapton and other 
East Yorkshire products to the region is paralleled by the 
distribution of Dalesware in South Yorkshire/North Lincolnshire and 
here once more there seems to be a marked fall-off at the edge of 
the area, with Dalesware absent at Castleford in the late third 
century but supplied at quite a major level just a little to the 
south of this at Doncaster. The distributions of both Dalesware and 
Knapton ware seem to be constrained in some fashion by boundaries 
which appear to coincide with the boundaries of the civitas in which 
they were produced. There are no obvious reasons for this in terms 
of commercial or administrative constraints since both Knapton, 
Norton, and Holme are distributed in quantity through more than a 
single town's predicted market area (see Chapter 7, Section 7.11) 
and if the levy of customs on civitas boundaries were an influential 
factor then the distribution of such products as BB1 is very 
difficult to explain as it crosses many such boundaries. 
Within East Yorkshire the Norton industry seems to have dominated 
greyware production supplying most of the northern part of the 
region whilst the Holme industry seems to have developed to supply 
greywares in the south, but in the third century this does not seem 
to have competed successfully with the Norton industry north of the 
mid-point between the two centres. The identification of several 
fairly distinctive and apparently local fabric groups in the 
examination of the Brough-on-Humber material, together with the 
calcite gritted group in Dales type form from Rudston suggests that 
there are quite a large number of minor kiln sites yet to be 
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identified within East Yorkshire at this period and in the early 
fourth century. 
Outside East Yorkshire the major fabric types in the third 
century are BB1, BB2 and greywares. A fairly extensive programme of 
neutron activation analysis was undertaken on the greywares with the 
aim of trying to discover if these came from one major source or a 
larger number of minor centres. 
Gillam (Gillam J. P. and Greene K. 1981) has recently made out a case 
for the distribution of BB1 and BB2 being due to free market forces 
with competition between the two of them determining their 
distributions. His evidence is based on the relative proportions of 
the two fabrics on sites along Hadrian's Wall and in southern 
Scotland. However, the limited evidence from this study along the 
line of the frontier suggests that the interpretation of the 
evidence based on relative proportions is not fully borne out by the 
evidence of percentages from fully quantified assemblages. The 
evidence from Vindolanda in the central sector of the Wall is 
crucial, suggesting that the quantities of both fabrics decline in 
this area. The distributions, therefore, appear to reflect the 
transport costs of BB1 and BB2 but not competition between the two 
of them since if they were in competition then the combined levels 
of BB1 and BB2 in the assemblages might be expected to remain 
roughly constant from the east to west coasts, as is the case with 
competition between Oxford and New Forest fabrics illustrated by 
Hodder and Orton (1976, Fig. 5.77). The distribution of BB2 in the 
386 
North-East also seems to suggest that apart from South Shields there 
was a more minor distribution centre for the fabric at York. After 
the decline of BB2 supplies in the mid third century, or perhaps a 
little earlier to judge by the Vindolanda sequence, BB1 supply 
increased, penetrating into north-east England, though the transport 
costs involved in this supply must have been considerable. There 
appears to be little evidence that Dalesware was found north of York 
in the third century though Dales types are found. This rather 
curious appearance would seem to originate from northern Dales types 
being manufactured on the northern fringe of the Dalesware 
distribution e. g. at Hasholme and probably at York and having 
supplied areas of north-east England. Dalesware itself seems to 
have remained fairly closely restricted to South Yorkshire/North 
Lincolnshire with an outlier in the distribution at York. 
In the fourth-century pottery supply in northern England seems to 
have gone through several dramatic changes. In the first half of 
the fourth century BB1 seems to have retreated from north-east 
England though it seems to have been. even more intensively marketed 
in the North-West. That this retirement from the North-East was due 
to the difficulties of transport costs rather than effective 
competition from other industries is implied by the diversity of 
sources which filled the gap it left in the market. It is 
interesting. that it is only in the early fourth century that there 
is evidence of several minor kiln sites in north-east England though 
these seem to have been wiped out by the late fourth-century, either 
through competition from the East Yorkshire industries or because 
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the latter's products were issued to military sites. The Crambeck 
and Huntcliff industries developed markets in north-east England in 
the early fourth century apparently in a similar fashion to other 
industries, with a fairly clear fall-off with distance from the kiln 
sites. It is also of note that in the earlier fourth century, 
supply of Crambeck greyware tended to be greater than that of 
calcite gritted ware which was often twice as common as Crambeck 
greyware in the late fourth-early fifth century. It seems probable 
that the supply of these fabrics increased through this period so 
that by the 360s they would appear to have been the main fabric 
types at Binchester in phase 8b. 
Whilst the East Yorkshire industries developed markets in the 
North-East in the North-West BB1 continued to dominate the market 
until around A. D. 370 after which point BB1 seems to have disappeared 
from the northern market. The speed of the disappearance of BB1 and 
the total lack of any fall-off with distance of the two main late 
fourth-early fifth century fabrics, Crambeck greyware and calcite 
gritted ware, within the whole of the study area, compared with the 
sharp fall-off to the south only 30 miles from'the Crambeck kiln 
site must suggest the operation of factors - other than the free- 
market economy, of which some form of 'military contract' for the 
supply of the North-West, 'if not necessarily the North-East, seems 
the most probable. The apparent operation of free-market conditions 
in the distribution of the fabric 007/168 also highlights the 
unusual nature of the Crambeck and calcite gritted ware 
distributions. It must be emphasised that Crambeck, unlike the 
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Oxfordshire, New Forest and Nene Valley industries was not primarily 
a fineware supplier with a more restricted coarseware market, but a 
bulk coarseware supplier. At all times greywares are the most 
important part of Crambeck's output-and these travel as far as the 
finewares and in much greater quantities. 
Within East Yorkshire the fourth century also brought major 
changes in pottery supply. The Norton industry seems to have run 
down rapidly, though it may have continued on at a very minor level 
until quite well into the century. This decline would seem to be 
under pressure not merely from the Crambeck industry, which seems to 
have been mainly restricted to the Vale of Pickering, but especially 
from the Holme-on-Spalding Moor industry which seems to have 
expanded considerably in this period, both in terms of its market 
area and in terms of expanding the range of its products. Indeed 
effective competition from the Holme kilns within East Yorkshire may 
be what led the Crambeck centre to seek markets in the rest of 
north-east England. In the late fourth century the Holme industry 
seems to have suffered a severe decline though some production seems 
to have extended into this period if not necessarily into the fifth 
century. There is no evidence of flooding on the kilns sites as a 
cause for this, as might be expected from Ramms suggestion (1978) 
that this area was prone to flooding in the late fourth century and 
competition from the Crambeck industry would seem a more likely 
cause. 
The differences between East Yorkshire and the rest of the study 
389 
area gradually fade away in the fourth century, though this is not 
the result of any change within East Yorkshire ceramics, but merely 
that the area took on supplying the rest of the study area as Rigby 
(1980) has pointed out. This would seem to imply some breakdown of 
the social constraints which have been postulated as operating in 
the region in the third century. The location of the Crambeck kiln 
site, on the boundary of the region, might be relevant in this 
context as such a location seems to enable social constraints to be 
bypassed (Hodder 11982), and it would be interesting to know the 
location of the centres for the manufacture of calcite gritted wares 
to see if they also shared this type of location. 
There is no evidence of a gradual decline in ceramic supplies in 
the North through the fourth century as Fulford has suggested for 
the South (1975, p. 134). Although appearances are rather deceptive 
because there seems to be a general breakdown in the previous 
structure of waste disposal habits in the late fourth-early fifth 
century in the North, at least (Chapter 8, Section 8.10.1), there 
seems to be far more late Roman material on sites occupied in this 
period than might have been expected, given its length. The 
collapse in the fifth century would seem to have been very rapid, 
and quite total and its cause can hardly have been the English. 
Some reason for this economic collapse in the fifth century is 
required, whether or not it is that offered here, (Chapter 2, 
Section 2.4.6) of a complete slump triggered by the end of all 
public expenditure. 
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Another interesting aspect of late fourth century pottery supply 
is the re-emergence of forms which are derived from the pre-Roman 
Iron Age, for example type J020.05. The existence of these elements 
does not come as a new phenomenon; Knapton type jars had brought the 
East Yorkshire tradition through the third century just as BB1 
continued the Durotrigian tradition, but in the late fourth century 
the proportion of material derived from local Iron Age traditions 
rose considerably. 
One further question of some importance is that of how far the 
flows of ceramic materials described and analysed in this study 
reflect flows of other goods and can be used to represent the major 
trade routes of the period in question. Fulford (1985 lecture at 
the University of Bradford) appears to argue that this is generally 
the case, citing the contents of many Mediterranean wrecks which 
carry a small proportion of pottery in most cargoes. For this 
approach to directly reflect trade patterns it is necessary that 
each cargo should include a quantity of pottery in proportion to the 
size of the cargo, an assumption which seems unlikely and requires 
demonstration. It does seem likely that long distance trade in 
ceramics, by water at least, is also accompanied by long distance 
trade in other commodities, but there does not seem to be any reason 
why long distance trade in other commodities should be necessarily 
accompanied by ceramics. Certainly if the major sources of pottery 
on the northern frontier are interpreted as reflecting its major 
sources of supply a rather peculiar picture emerges, which does not 
seem entirely credible. In the earlier second century, apart from 
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Gallic samian "supplies and some rustic ware, presumably from the 
Midlands, it seems that many, and perhaps most, northern forts 
produced much of their own ceramic needs. Swan (1984, Map 4) shows 
the distribution of the known kilns of this type but there would 
seem to be many more to be discovered, (e. g. there is a good 
collection of clear wasters in the early Roman material from 
Binchester). These supplies are of far greater` importance in the 
assemblage than the occasional piece, probably of Verulamium region 
origin, or than of the source of the mortaria. However most of 
these local supplies die out by the end of the second century and in 
the early third it would seem that Dorset, Essex and probably the 
Midlands were the main areas of ceramic supply, with minor 
contributions from Central and' Ea` sr,, , Gaul and the Nene Valley. 
Throughout the second and third century there is no sign of any 
supply from the East Yorkshire region and it is only in the early 
fourth century that this area and other local kilns, together with a 
little from the Nene Valley, came to supply the North-East, whilst 
Dorset together with a little Nene Valley and Mancetter-Hartshill 
remain the main suppliers in the No th-West. Finally, in the late 
fourth century, nearly all supplies came from East Yorkshire apart 
from a trickle of Nene Valley material. This pattern of ceramic 
supplies seems very unlikely to reflect the supply of other goods to 
the frontier. 
Also if pottery is merely travelling, almost as packing, with 
other more important 'invisible' cargo then it might be expected to 
reflect the ceramics on the general market in the source area, but 
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this is not the case. BB1 is the only Dorset fabric found in the 
north and BB2 almost the only Essex fabric but other fabrics made up 
a major proportion of the assemblages in these areas and these are 
not represented in the north. This would seem to suggest that this 
trade was much more organised than merely filling up extra space in 
general cargoes and would seem to suggest a specific trade in these 
ceramic types. It could be argued that these types were transported 
because of their role as a specific packaging type for some other 
form of commodity, but, whilst jars are numerous, many bowls and 
dishes were also traded which could not have fulfilled this role. 
9.2.3. Other assemblage studies. 
The study of functional variations in northern assemblages has 
proved interesting in its own right, apart from casting a little 
light on other aspects of the assemblages. There would seem to be a 
general rise in the level of jars in the groups through the study 
period producing a major contrast with the fourth century levels 
cited by Millett (1979) for three south-eastern towns and 
Portchester which strongly suggests that there are regional trends 
in functional change. This general rise of the jar is interesting 
when it is recalled that this was the dominant form in use in the 
Iron Age and that it is commoner on rural sites and those where 
basic functional requirements were paramount. The 'Romanisation' of 
the pottery assemblage in functional terms from its Iron Age roots 
was very much in term of the diversification of functional types, so 
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that the reduction of the range of types and emphasis on jar forms 
can be regarded as some indication of 'de-Romanisation'. In 
contrast to this, though, it must be noted that mortaria are found 
across all types of site, suggesting a permanent Romanisation of 
culinary practice, since there seems little reason to find them 
commonly on rural sites otherwise. This seems also to be the case 
with meat consumption to judge by King's (1978) general survey of 
British bone reports where 'Romanisation is reflected by a rise in 
the proportion of cattle bones and this picture remains the same 
into the Mediaeval period. 
Whilst far from perfect the data does suggest that there are 
different trends in the balance of functional types on different 
classes of site, reflecting the function of the site. The case of 
Beadlam suggests that some interpretable patterns of functional 
variations may be found across a site in deposits occasioned by its 
latest occupation and abandonment. Another interesting 
chronological trend , also approaching an Iron Age type pattern, is 
the rise of handmade vessels throughout the period, this being 
directly related to the rise of jars. Both of these features are 
related to the function that the pottery assemblage was serving. 
The evidence of external sooting shows that vessels in heavily 
tempered wares (generally handmade jars) were usually used for 
cooking, amongst other things, and the rise of jars and handmade 
vessels are both an indication of a rise in the number of cooking 
pots, a pattern which seems to have prevailed in the Iron Age. The 
important point is that ceramics are not forming a stable part of 
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the human artefact kit through time but a varying one, this is 
implicit in the existence of aceramic periods but tends to be 
overlooked when potting actually occurs. 
Several attributes have suggested a degree of 'de-Romanisation' 
in pottery assemblages in the late fourth century, though this 
should not be overstated. It would seem to be a real effect, but 
one of limited significance, for it does not lead into the fifth 
century and beyond. As with most aspects of Romano-British material 
culture, the real, discontinuity comes in the early fifth century 
when pottery ceased to be made in East Yorkshire completely by the 
British, despite a strong and ancient local tradition, and the 'de- 
Romanisation' of late fourth century material is therefore no more 
than an indication of what might have happened in the fifth century, 
not what did. 
It is interesting that fineware supply in the- North never 
recovered from the demise of the samian-industry, which did not lead 
to an expansion of the Nene Valley industry's activities as might be 
expected, while the gap left in the market by the absence of samian 
for fine tablewares was not taken up seriously at all until the late 
fourth century by Crambeck parchment ware, and even at this period 
the level of parchment ware supply is far lower than samian supply 
in the second- and earlier third century groups. The level of 
finewares on a site is quite clearly influenced by the type of site. 
This is probably because finewares required an urban market as a 
redistributive mechanism as demand from individual sites was so 
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negligible. 
The attempt at quantification of decoration seems to have proved 
successful and as well as adequately recording decorative motifs on 
different fabric types it also shows up some overall chronological 
and spatial trends. There seems to have been a general trend of 
declining amounts of 'decoration over time which might indicate an 
attempt at cheaper production of vessels requiring less elaborate, 
and therefore time-consuming, manufacture. There are also some 
indications that decoration might mark out regional differences such 
as that between East Yorkshire and the rest of the study area in the 
third century. 
The groups examined in this study have not proved very useful in 
examining residuality though by examination of comparative material 
from larger sequences it is clear that the main factors in 
influencing the amount of residual material are present and past 
levels of supply and the type of the context (its status and 
especially whether it is depositional or incisive). It is also 
apparent that levels of residual pottery may be very deceptive as 
predictors of the amounts of residual material in other artefact 
types without measures per unit volume in order to cancel out 
effects due to variation in supply levels. The examination of the 
performance of a large number of methods of quantification over a 
varied series of assemblages has generally confirmed Millett's 
(1979) conclusion that most methods are fairly highly correlated, 
though even quite large groups are not necessarily as well 
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correlated as his published figures. It has proved possible to 
suggest minimum -quantities of material for quantification and 
identify some of the more consistent methods of quantification. 
Overall it is hoped that this study has contributed towards the 
understanding of the distribution, marketing and supply mechanism 
operating in the north in the third and fourth centuries and has 
shed some light on other oft ignored aspects of the assemblages. 
Much work remains to be done and the final section will consider 
priorities in this field. 
9.3. Priorities for further work. 
Very few properly quantified pottery reports have been produced 
in northern England and it is therefore a major priority that new 
reports should be quantified, preferably by fabric and form. As 
noted in Chapter 1, Section 1.6, quantification is generally valid 
for groups as small as 150 sherds and should normally be very stable 
with groups of around 300 sherds, so that there is no reason to 
avoid quantification for groups with less than 100 rims, which seems 
to have been done in the past, very few groups being so large. 
There has also been a tendency to only quantify late Roman material, 
the unstated reason apparently being that thanks to F. G. Simpson, 
P. Newbold and M. R. Hull (1911; 1932) comparative material was already 
published, whereas lack of quantified earlier material seems to have 
helped dissuade anyone from quantifying it. Given that no one 
method of quantification seems likely to gain general acceptance and 
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that sherd numbers, sherd weights and percentage of rim all produce 
very similar results these would seem to be the best measures 
available, and the use of one or preferably more of these methods 
would seem desirable. It must be stressed that quantified reports 
do require all of the pottery and that this includes samian, colour 
coated wares, Rhenish ware etc. which seem to have an unfortunate 
tendency not to be quantified with the remainder of the assemblage. 
Another requirement for the sensible study of northern pottery is 
that museums actually curate collections. Very few historic 
excavations can now have their finds quantitatively re-examined 
because either the material from many contexts and periods has been 
mixed together (a fate which has befallen the Malton fort finds in 
the Malton museum and those from Orchard Field, Malton which are 
split between the Malton and University of Durham museums) or 
because 'swaps' have been cleared out (the fate of the Norton kiln 
material in the Malton museum and the Birdoswald 1929 material in 
the Tullie House museum, Carlisle). It is depressing to hear that 
some excavations until very recently carried out on-site pottery 
processing which led to the automatic discard of bodysherds. 
It is to be hoped that modern excavations on a number of the 
Hadrian's Wall and hinterland forts and at Carlisle, Catterick and 
York will finally produce some useful quantified reports which have 
been lacking from northern pottery studies for so long. Apart from 
this basic need, the understanding of northern pottery supply, as of 
many other aspects of the north, might well be enhanced if a few 
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more rural sites were excavated. These seem often to lack much in 
the way of finds, but as suggested in Chapter 2, Section 2.4.5, the 
absence as much as the presence of material may help to explain both 
'Romanisation and the economy of the region. 
Turning to the kiln sites, it is to be hoped that H. B. M. C. will 
take rapid action to schedule or otherwise protect the Jamies' 
Craggs section of the Crambeck kiln site. Survey is urgently needed 
of other areas of the kiln site, particularly on Mount Pleasant 
Farm, both to discover the intensity of operations in this area and 
to determine whether the area is under a serious threat. 
Little can be done at Norton where there is no threat to- areas 
not already developed but survey of the open ground between the 
Grove West and Langton Road would be desirable. This is also the 
case at Knapton though it is doubtful if kiln structures will ever 
be found here, and an examination of the eastern end of the Vale of 
Pickering for the kiln site producing Huntcliff type jars might be 
desirable. 
Survey and selective excavation are continuing on kiln sites in 
the Holme-on-Spalding Moor region by Dr M. Millett and Mr P. Halkon. 
This should lead not only to an understanding of the kiln sites in 
their landscape, but, by the seriation of excavated material and 
fieldwalking collections it should enable refinement of the relative 
chronology of the industry. (Outside the region it might also be 
worthwhile examining the possible kiln site for Dalesware reported 
by Dudley (1949)). 
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Turning from general problems to specific questions requiring 
further work the most pressing problem in the early third century 
must be to find an origin or origins for the large proportion of 
assemblages represented by sandy greywares. The other third century 
fabrics which require further study are the Dales type wares which 
could do with further analysis work to determine from which, if any, 
of the known kiln sites they originate. It would also seem 
worthwhile to try to isolate some more of the minor East 
Yorkshire fabric types, of which there are clearly a good number to 
judge by the evidence from Brough-on-Humber and quantified data from 
third century groups in East Yorkshire are urgently required. The 
latter should help to conclusively demonstrate whether the 
distribution of Knapton calcite gritted ware is socially constrained 
within the East Yorkshire area as it appears. 
In the early fourth century in the North-East there appear to be 
a number of minor kiln centres, including one, probably at 
Piercebridge, producing mortaria (Mrs K. Hartley pers. comm. ) so 
that the detailed characterisation of these groups and the sure 
location of their kiln sites would be useful. The main specific 
needs in late fourth century studies would seem to be to locate the 
kiln sites for Huntcliff type calcite gritted ware and also for 
fabrics 007/168 and 282 and for more quantified reports along the 
southern edge of the area where East Yorkshire products suddenly 
fall-off. There is an urgent need for more data from northern 
towns, both the civitas capitals and small towns, and especially on 
the levels of fineware supply; the model for a study of this might 
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well be Millett's survey of finewares in West Sussex (1980). One of 
the main obstacles to this at present, apart from the general lack 
of data, is the unfortunate habit of many northern samian reports to 
omit a proper catalogue of the plain forms. 
One final point is the urgent need of measures of unit volume for 
excavated deposits. This is a simple matter to record during 
excavation, though difficult, if not impossible to calculate 
afterwards. With such measures it would be possible to attempt to 
examine absolute levels of supply rather than just relative 
measures, and it would make the use of residual ceramics for 
detecting residuality in other artefact types much more reliable. 
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APPENDIX 2. 
Elemental concentrations in samples in p. p. m.. 
RUN 755-Short life 
Na La K Sc Np Sm Yb 
Al N. D. 31.52 N. D. 13.49 1.3 4.53 2.1 
A2 N. D. 30.18 N. D. 13.17 2.4 4.23 2.1 
A3 N. D. 49.27 N. D. 14.29 N. D. 5.92 1.8 
A4 N. D. 46.65 N. D. 12.82 2.2 5.99 2.5 
AS N. D. 33.95 N. D. 15.23 3.5 4.32 1.8 
A6 N. D. 30.53 N. D. 14.11 2.6 4.06 2.2 
A7 N. D. 30.37 N. D. 13.56 2.3 4.05 1.8 
A8 N. D. 31.37 N. D. 13.53 1.9 3.95 2.3 
A9 N. D. 37.21 N. D. ` 16.12 N. D. 4.64 2.8 
A10 N. D. 26.14 N. D. 11.17 2.2 3.31 2.2 
All N. D. 38.75 N. D. 16.54 3.7 4.88 3.2 
A12 N. D. 33.39 N. D. 15.38 2.2 4.60 N. D. 
A13 N. D. 39.62 N. D. 17.81 3.9 4.93 3.3 
A14 N. D. 27.75 N. D. 13.77 3.2 3.67 1.7 
A15 N. D. 33.85 N. D. 15.06 2.0 4.87 2.1 
A16 N. D. 32.85 N. D. 14.88 2.8 4.79 2.4 
A17 Fault in tape 
A18 N. D. 34.15 N. D. 15.98 3.7 3.99 2.2 
A19 N. D. 37.60 N. D. 18.22 4.5 4.31 2.8 
A20 N. D. 33.10 N. D. 15.31 2.4 3.88 2.1 
A21 N. D. 48.77 N. D. 20.85 4.2 7.97 4.5 
499 
RUN 755-Long life 
Sc Co Rb Cs Ce Hf Ta Pa Cr Fe Eu Tb 
Al 13.30 14.5 129.7 7.5 48.7 5.2 1.2 9.0 84.4 35530 1.0 0.7 
A2 12.91 9.2 136.9 6.7 45.7 4.6 1.1 8.8 78.7 33085 1.0 0.8 
A3 14.32 11.1 112.0 5.2 108.2 7.3 1.7 13.0 134.4 47076 1.4 0.9 
A4 11.12 7.7 80.2 6.1 99.8 6.5 1.5 11.2 93.5 36893 1.2 0.7 
A5 13.73 9.2 108.5 8.3 46.7 5.8 1.2 8.7 82.2 36087 1.1 0.9 
A6 13.67 9.3 144.5 7.2 47.8 5.3 1.3 9.3 81.9 37047 1.0 0.7 
A7 13.05 10.7 112.6 7.3 49.2 5.2 1.1 7.9 77.6 33980 0.9 0.7 
A8 12.05 8.8 117.0 6.3 44.6 4.5 0.9 7.0 73.8 31163 1.0 0.6 
A9 12.98 8.1 98.8 6.5 55.3 5.6 1.0 8.2 86.9 36928 1.2 0.9 
A10 12.48 8.8 95.9 6.4 49.6 5.1 1.0 8.2 87.9 31845 1.0 0.7 
All 15.54 26.4 118.2 5.4 74.2 6.1 1.3 11.6 96.6 43561 1.1 0.8 
A12 17.36 22.2 123.2 6.6 84.4 8.0 1.9 13.3 101.7 48552 1.5 0.9 
A13 14.97 15.3 151.8 7.7 39.7 6.7 -1.0 10.6 94.7 41415 1.1 1.0 
A14 12.26 11.3 86.5 7.2 41.3 5.1 0.9 8.4 79.3 34944 1.0 0.7 
A15 14.50 10.4 132.8 7.5 50.1 5.8 1.2 10.5 94.0 31628 1.2 0.8 
A16 14.16 10.0 128.5 7.8 48.2 5.9 1.2 9.5 88.4 28923 1.0 0.8 
A17 14.94 8.7 154.3 -9.0 50.1 6.5 1.4 9.0 92.4 41409 1.0 0.5 
A18 15.29 8.1 169.4 8.8 47.2 5.7 1.4 9.0 105.9 44038 1.0 0.8 
A19 17.45 14.3 179.6 9.7 53.6 6.3 1.6 13.1 100.4 37122 1.2 0.8 
A20 14.84 . 10.1 151.3 8.2 44.4 4.6 1.2 9.8 87.1 28742 1.0 0.6 
A21 20.15 20.6 184.2 12.9 63.7 6.8 1.2 11.7 126.7 71020 2.0 1.3 
500 
RUN 760-Short life 
Na La K Sc Np Sm Yb 
Cl 1748.3 33.31 22669 15.84 N. D. 4.71 2.3 
C2 2041.9 35.12 
C3 1587.3 26.62 
C4 1679.1 24.95 
CS 1308.0 21.80 
C6 1864.4 33.20 
C7 1710.8 42.67 
C8 1624.6 41.47 
C9 1993.7 47.06 
C10 1912.1 43.59 
19057 
17104 
N. D. 
N. D. 
N. D. 
N. D. 
N. D. 
N. D. 
19179 
15.95 
13.04 
12.69 
12.17 
14.23 
17.68 
16.47 
19.94 
17.65 
C11 1791.7 45.51 N. D. 18.31 3.3 7.11 2.7 
C12 2147.0 44.39 
C13 2161.3 45.53 
C14 2164.2 42.17 
C15 2103.5-49.25 
C16 1730.5 47.28 
C17 1763.1 52.01 
C18 3475.3'59.42 
C19 2339.9 59.39 
N. D. 
20953 
N. D. 
N. D. 
N. D. 
N. D. 
N. D. 
N. D. 
C20 2437.2 48.21 N. D. 
C21 2103.8 56.85 N. D. 
C23 1976.3 59.66 N. D. 
17.68 
19.37 
18.58 
20.62 
18.75 
19.01 
21.15 
22.38 
2.5 4.86 2.3 
N. D. 3.75 1.8 
N. D. 3.48 1.5 
N. D. 2.89 1.8 
2.3 4.34 1.9 
N. D. 6.62 2.4 
3.3 5.82 2.0 
N. D. 6.06 2.5 
N. D. 6.33 2.4 
3.1 5.63 2.3 
N. D. 6.19 2.8 
2.2 5.70 2.3 
3.9 7.17 3.2 
3.1 7.86 2.9 
3.6 7.26 2.8 
3.4 8.81 3.0 
3.7 7.05 3.0 
19.97 4.3 7.12 3.0 
22.78 4.1 8.58 3.2 
24.42 5.9 9.57 4.3 
501 
RUN 760-Long life 
Sc 
Cl 16.15 
C2 16.11 
C3 13.40 
C4 12.48 
C5 12.42 
C6 14.19 
C7 17.46 
C8 16.39 
C9 19.52 
C10 17.36 
C11 18.11 
C12 17.88 
Co Rb Cs Ce 
11.0 126.2 N. D. 55.1 
8.3 78.2 9.0 55.2 
7.7 99.2 8.1 44.9 
7.3 127.2 6.3 35.6 
12.1 107.8 6.5 34.3 
9.6 122.2 7.2 53.9 
26.5 136.2 9.9 73.8 
28.3 N. D. 6.7 71.1 
14.0 114.6 10.1 66.8 
21.6 172.3 10.7 72.7 
16.2 78.9 9.0 72.0 
10.5 130.1 10.1 68.8 
Hf Ta Pa Cr Fe Eu Tb 
5.1 1.0 10.3 98.5 29650 1.3 0.6 
7.2 1.0 11.7 110.5 48147 1.2 0.5 
4.9 0.8 9.0 79.3 26611 1.1 0.5 
4.7 0.7 8.3 74.7 30570 0.9 0.5 
5.2 0.7 5.9 75.4 37653 0.6 0.4 
4.8 0.9 7.6 100.8 36710 1.0 0.5 
5.1 0.9 9.5 111.0 41991 1.6 0.9 
6.2 1.0 10.1 111.7 70466 1.4 0.7 
5.6 1.0 11.2 117.4 54000 1.5 0.7 
6.2 2.8 10.1 111.3 68424 1.5 0.9 
10.2 2.8 N. D. 116.4 54890 1.6 0.7 
6.7 3.1 10.4 132.4 43045 1.1 0.5 
C13 19.30 13.0 132.8 8.6 69.9 6.8 3.0 12.4 116.2 50851 1.6 0.8 
C14 18.28 10.4 107.3 9.3 64.6 6.9 3.0 10.4 109.0 N. D. 1.6 0.7 
C15 20.52 17.9 153.8 . 12.1 84.0 6.9 3.2 12.6 115.6 51915 1.8 1.0 
C16 18.62 22.0 N. D. 11.3 83.6 5.8 2.5 12.1 113.9 54966 1.9 1.2 
C17 18.87 13.4, 146.4 9.8 77.3 6.8 3.7 12.3 115.3 56630 1.7 0.9 
C18 20.69 15.6 161.5 9.9 93.0 4.4 2.4 12.5 141.1 49491 2.4 1.0 
C19 22.19 10.8 157.6 13.5 97.3 7.8 3.9 13.8 139.8 56975 1.8 0.9 
C20 19.68 21.1 160.3 10.7 86.7 8.4 3.4 13.4 115.1 58148 1.7 0.8 
C21 22.45 26.6 225.2 12.2 93.8' 7.9 3.5 14.5 142.8 82153 1.9 0.8 
C23 24.30 21.9 203.2 15.0 95.6 8.9 N. D . 12.1 157.8 86216 2.7 1.3 
502 
RUN 761-Short life 
Na La K Sc Np Sm Yb 
D1 1138 32.60 N. D. 13.68 N. D. N. D. 1.9 
D2 1199 27.63 N. D. 11.93 N. D. N. D. 1.7 
D3 1230 30.73 N. D. 13.14 N. D. N. D. 1.8 
D4 1319 31.46 N. D. 12.09 N. D. N. D. 2.0 
D5 877 40.19 N. D. 13.72 N. D. N. D. 2.7 
D6 1213 35.88 N. D. 15.13 N. D. N. D., 2.1 
D7 1243 29.60 N. D. 12.83 N. D. N. D. 2.0 
D8 2350 40.05 N. D. 15.08 N. D. N. D. 2.5 
D9 1788 46.59 N. D. 16.50 N. D. N. D. 2.6 
D10 2051 40.20 N. D. 14.13 N. D. N. D. 2.7 
D11 2000 46.75 N. D. 16.67 N. D. N. D. 2.8 
D12 1841 46.98 N. D. 16.84 N. D. N. D. 2.7 
D13 2360 45.46 N. D. 16.53 N. D. N. D. 2.6 
D14 2187 37.67 N. D. 15.78 N. D. N. D. 2.8 
D15 1983 46.99 N. D. 16.32 N. D. N. D. 2.6 
D16 2283 48.06 N. D. 17.26 N. D. N. D. 2.9 
D17 1862 42.13 N. D. 14.03 N. D. N. D. 2.7 
D18 2321 52.34 N. D. 17.15 N. D. N. D. 3.0 
D19 2589 48.67 N. D. 17.42 N. D. N. D. 2.9 
D20 2164 52.33 N. D. 18.02 N. D. N. D. 3.1 
D21 1256 32.52 N. D. 13.01 N. D. N. D. 2.4 
503 
RUN 761-Long life 
Sc Co Rb Cs Ce Hf Ta Pa Cr Fe Eu Tb 
Dl 13.61 19.4 81.2 6.6 60.8 7.1 0.9 10.8 80.7 37390 1.2 0.5 
D2 11.96 7.5 122.2 6.2 41.0 5.3 1.0 9.2 64.1 36590 0.9 0.4 
D3 13.22 6.8 93.3 7.8 48.9 5.7 1.4 9.3 70.3 31895 1.1 0.4 
D4 12.09 9.1 97.9 6.1 46.0 5.3 1.2 8.6 72.9 35100 1.2 0.5 
D5 13.56 11.0 124.4 5.4 68.7 5.9 1.6 12.3 71.9 51237 1.4 0.7 
D6 15.12 10.7 114.2 7.9 57.7 4.8 1.2 11.3 78.9 43227 1.2 0.7 
D7 12.81 15.1 106.3 7.0 48.8 5.2 0.9 10.2 67.5 37597 1.1 0.6 
D8 14.88 17.5 60.2 8.1 59.1 N. D. 1.2 11.2 84.8 42491 1.6 0.6 
D9 16.36 18.4 104.6 10.7 73.1 7.3 0.9 13.0 98.2 42381 1.7 0.7 
D10 14.01 15.2 81.0 7.4 61.0 6.0 0.9 11.1 83.6 38545 1.5 0.8 
D11 16.55 19.2 92.4 10.9 70.7 5.9 -1.1 13.2 93.6 44570 1.8 0.8 
D12 16.96 20.6 94.1 10.5 74.6 6.4 1.1 13.4 103.1 44989 1.8 0.8 
D13 16.48 19.2 117.6 11.9 71.9 5.6 1.1 13.3 90.9 44003 1.8 0.8 
D14 16.01 24.3 108.3 8.2 68.6 10.9 1.1 12.7 104.1 28196 1.9 0.8 
D15 16.38 17.8 N. D. 9.2 70.0 5.8 0.8 11.8 92.7 45380 2.1 1.0 
D16 16.96 19.3 129.7 11.3 75.5 6.2 1.3 13.5 99.2 45137 2.0 0.7 
D17 13.97 16.8 N. D. 8.4 65.3 6.4 1.0 11.2 82.8 39731 1.8 0.8 
D18 17.09 19.3 111.3 11.2 66.6 8.0 0.9 13.4 99.7 46467 2.2 0.9 
D19 17.39 19.4 145.5 11.5 77.3 8.2 0.9 13.0 100.5 47185 1.9 0.9 
D20 18.02 18.6 N. D. 9.9 76.7 6.9 1.1 14.1 103.0 46235 2.1 0.9 
D21 12.90 11.7 79.5 9.0 51.2 5.1 0.6 N. D. 67.8 45182 1.3 0.7 
504 
RUN 762-Short life 
Na La K Sc Np Sm Yb 
El 2462 72.90 "N. D. 25.86 4.9 N. D. 4.3 
E2 1926 65.08 N. D. 23.55 N. D. N. D. 4.3 
E3 1559 52.35 N. D. 17.49 3.3 N. D. 3.0 
E4 1781 56.01 N. D. 20.29 N. D. N. D. 3.7 
E5 2217 58.62 N. D. ` 21.46 4.1 N. D. 3.7 
E6 2402 62.02 N. D. 22.83 4.1 N. D. 3.5 
E7 N. D. 64.04 N. D. 23.43 N. D. N. D. 4.3 
E8 1682 54.03 N. D. 19.85 N. D. N. D. 3.0 
E9 1837 47.54 N. D. 16.83 N. D. N. D. 3.0 
E10 N. D. 54.03 N. D. 23.11 N. D. N. D. 4.2 
Ell 1692 49.68 N. D. 22.15 4.9 N. D. 3.9 
E12 1051 48.96 N. D. 18.08 3.9 N. D. 3.8 
E13 N. D. 68.08 N. D. 23.45 N. D. N. D. 3.6 
E14 1184 42.61 N. D. 19.72 3.9 N. D. 3.4 
E15 N. D. 55.83 N. D. 24.15 4.4 N. D. 3.7 
E16 N. D. 48.67 N. D. 17.26 3.8 N. D. 4.2 
E17 4709 71.82 N. D. 20.92 5.1 N. D. 4.9 
E18 N. D. 62.23 N. D. 22.18 3.7 N. D. 3.7 
E19 N. D. 55.99 N. D. 20.33 4.1 N. D. 4.4 
E20 N. D. 55.02 N. D. 19.37 4.1 N. D. 3.9 
E21 N. D. 50.55 N. D. 19.95 4.7 N. D. 3.5 
505 
RUN 762-Long life 
Sc Co Rb Cs Ce Hf Ta Pa Cr Fe Eu Tb 
El 26.02 31.4 200.0 15.1 110.5 8.8 1.5 21.3 173.3 68484 2.6 1.4 
E2 23.57 27.8 N. D. 14.5 94.9 7.7 1.5 18.1 155.5 62677 2.3 1.3 
E3 20.76 23.2 133.8 10.2 89.2 7.3 1.2 16.0 145.7 57266 2.4 1.1 
E4 20.46 21.0 84.3 10.0 '78.2 6.8 1.2 14.3 126.1 52781 2.3 1.3 
E5 21.18 25.8 134.5 12.3 85.4 8.3 1.5 16.2 142.6 57072 2.0 1.0 
E6 22.84 26.4 N. D. 13.3 89.7 N. D. 1.5 16.8 143.8 58810 2.4 1.2 
E7 23.59 27.8 169.2 13.3 96.0 6.0 1.5 16.8 159.4 60958 2.5 1.1 
E8 20.54 24.2 163.0 10.8 81.8 5.2 1.4 14.9 130.9 53838 2.2 1.1 
E9 17.28 6.0 N. D. 5.7 67.4 11.8 2.0 12.9 134.5 41013 1.6 1.0 
E10 23.24 10.3 110.9 8.7 85.1 N. D. 1.3 16.1 156.8 44765 2.3 1.3 
Ell 22.46 12.3 69.5 8.2 87.2 10.9 1.8 15.5 182.5 32185 2.3 1.2 
E12 17.91 4.1 N. D. 4.9 75.6 11.2 1.4 13.1 117.4 18270 2.6 1.3 
E13 24.14 7.5 102.0' 8.9 102.0 8.0 1.6 14.2 143.1 22562 2.5 1.3 
E14 20.03 10.2 93.9 7.4 62.9 4.6 1.7 14.6 158.3 19953 1.5 0.9 
E15 24.65 6.9 103.1 9.6 77.3 11.2 1.7 16.6 180.4 21622 2.0 1.1 
E16 17.52 8.9 75.3 6.8 70.6 11.3 1.6 14.4 125.8 15169 2.1 1.3 
E17 21.19 13.7 68.6 8.4 117.3 9.7 1.6 17.1 143.9 16274 3.5 1.8 
E18 22.63 10.3 90.6 8.4 96.8 10.1 1.8 15.5 143.7 17530 2.7 1.3 
E19 20.59 13.7, 66.4 N. D. 90.4 10.5 1.7 16.9 152.3 18374 2.5 1.5 
E20 19.57 17.1 74.1 N. D. 91.7 8.7 1.4 . 13.8 129.0 17105 2.6 1.3 
E21 20.68 18.8 191.9 13.7 75.2 7.3 1.2 13.8 123.9 71913 2.1 1.0 
506 
RUN 766-Short life 
Na La K Sc Np Sm Yb 
Fl 2088 50.10 38923 18.51 2.87 8.37 3.54 
F2 2550 27.24 19946 14.47 N. D. 3.14 1.90 
F3 1808 34.62 12588 18.66 2.90 6.10 3.46 
F4 1545 76.95 14965 22.40 3.15 13.13 4.44 
F5 1705 39.14 13671 19.08 3.43 6.03 3.34 
F6 1239 50.20 16820 18.85 N. D. 7.88 '3.06 
F7 1946 41.05 10862 19.45 2.85 6.25 3.74 
F8 1873 49.75 16499 17.54 N. D. 8.88 3.49 
F9 1972 68.17 20559 23.51 3.53 12.44 4.81 
F10 1646 53.75 15108 19.40 4.07 8.19 3.87 
F11 1852 61.94 13258 21.55 3.72 11.06 4.40 
F12 2272 91.98 27381 28.42 4.14 15.25 5.05 
F13 1666 40.45 7581 17.57 3.35 5.61 3.17 
F14 2071 53.94 17535 22.08 3.15 8.41 3.76 
F15 1403 37.11 N. D. 17.54 2.98 5.86 N. D. 
F16 3021 65.11 15113 26.27 4.68 9.65 4.62 
F17 1969 45.78 13117 21.36 4.27 6.09 3.64 
F18 1455 55.81 N. D. 21.12 N. D. 8.12 4.07 
F19 2415 55.39 31215 21.06 4.17 7.54 3.37 
F20 2592 68.02 23338 26.42 N. D. 8.18 3.74 
F21 2404 52.83 35445 19.59 0.41 6.39 2.87 
F23 1921 55.10 27427 22.46 N. D. 9.04 4.10, 
507 
RUN 766-Long life 
Sc Co Rb Cs Ce Hf Ta Pa Cr Fe Eu Tb 
F1 18.12 11.4 66.7 5.9 73.6 8.1 1.2 11.3 134.7 33471 2.4 1.0 
F2 14.42 3.7 82.6 6.1 36.0 11.8 0.9 8.2 126.7 15358 0.7 0.4 
F3 19.27 9.5 76.7 7.4 51.6 9.4 1.1 13.4 171.3 27387 1.9 1.0 
F4 22.03 28.0 51.9 7.7 128.7 10.1 1.4 14.5 169.5 23315 3.7 1.5 
F5 18.96 5.9 66.0 6.2 55.2 9.0 1.3 10.5 153.3 35090 1.8 0.7 
F6 18.15 12.5 59.8 6.1 74.6 8.4 1.2 11.5 131.4 33952 2.3 0.9 
F7 18.09 9.7 53.4 6.8 55.0 9.7 1.2 14.4 155.7 24101 1.9 1.0 
F8 17.18 26.2 55.6 5.5 85.6 8.7 1.3 10.1 123.7 23336 2.9 1.1 
F9 22.27 21.7 54.6 N. D. 115.5 9.4 1.4 14.4 152.1 20555 4.0 1.4 
F10 18.76 15.6 45.9 5.8 84.7 8.7 1.2 13.9 142.3 15471 2.4 1.1 
F11 21.54 19.1 60.1 8.4 109.1 10.0 1.3 14.0 158.4 19583 3.1 1.4 
F12 27.28 33.6 64.9 10.8 151.1 9.5 1.4 16.4 175.9 24920 4.6 1.7 
F13 17.52 8.5 48.2 4.9 57.1 8.1 1.2 12.2 140.4 27505 1.9 0.7 
F14 21.70 12.8 85.0 6.6 75.4 8.3 1.3 13.5 155.9 47856 2.6 1.2 
F15 16.68 6.0 59.6 6.3 52.3 10.0 1.2 11.1 134.0 39348 1.8 0.8 
F16 25.20 12.1 88.5 7.0 89.1 10.6 1.6 14.2 177.3 30217 3.0 1.4 
F17 20.49 12.6 52.2 6.8 62.8 10.0 1.6 14.0 157.6 30708 1.9 0.8 
F18 20.66 13.6 72.5 10.3 N. D. 10.2 1.2 N. D. N. D. 29435 2.4 1.1 
F19 20.64 24.9 134.2 10.7 72.3 5.3 1.0 14.7 135.6 55908 1.9 0.8 
F20 26.62 27.8 140.9 10.3 98.7 7.8 1.1 18.3 176.5 76513 2.1 1.0 
F21 19.48 15.2 110.0 8.6 72.4 6.9 '0.8 . 14.7 130.6 58897 1.4 0.8 
F23 21.94 21.2 162.0 14.3 80.8 7.6 1.2 13.2 155.7 77161 2.5 1.1 
508 
RUN 768-Short life 
Na La K Sc Np Sm Yb 
G1 448 58.40 9142 26.97 2.12 17.81 6.87 
G2 1523 45.21 24234 16.66 2.59 N. D. 2.75 
G3 3204 53.37 39768 21.06 3.02 N. D. 3.39 
G4 3316 50.68 30150 18.98 2.62 N. D. 2.98 
G5 1943 46.52 27406 17.39 2.93 N. D. N. D. 
G6 2052 54.17 26885 19.87 2.78 N. D. 3.02 
G7 2300 43.61 26799 17.07 2.54 N. D. 2.74 
G8 1783 53.38 30479 20.45 2.92 N. D. 3.15 
G9 1978 49.29 30409 17.76 2.81 N. D. 2.90 
G10 2496 32.62 23086 13.61 1.97 N. D. 2.04 
G11 2294 63.49 39531 20.80 3.44 N. D. 3.62 
G12 1969 48.03 N. D. 18.79 2.79 N. D. 2.93 
G13 2003 48.28 20124 18.14 2.75 N. D. 2.78 
G14 2258 53.83 32975 20.19 3.18 N. D. 3.34 
G15 2898 62.84 38622 25.42 3.67 N. D. 3.46 
G16 3387 56.63 34943 20.79 2.88 N. D. 3.46 
G17 2672 41.03 36976 22.74 3.22 N. D. 2.96 
G18 1455 47.87 26681 18.14 2.97 N. D. 2.80 
G19 2352 59.10 27296 22.46 3.27 N. D. 3.26 
G20 1362 46.60 17472 24.46 3.69 N. D. 3.09 
G21 3575 55.63 N. D. 18.99 3.27 N. D. 3.04 
G23 1554 51.24 43861 20.09 3.90 N. D. 3.27 
509 
RUN 768-Long life 
Sc Co Rb Cs Ce Hf Ta Pa Cr Fe Eu Tb 
G1 26.89 14.9 N. D. 3.7 N. D. 4.9 0.3 16.6 87.7 382432 6.1 2.5 
G2 16.42 24.3 122.4 8.4 68.2 4.7 0.8 12.8 103.8 47482 1.9 0.9 
G3 20.94 22.1 175.5 -11.8 77.5 5.1 0.9 15.2 126.5 53995 2.2 1.1 
G4 18.66 21.3 151.1 10.4 76.5 5.2 0.8 13.7 113.5 52055 2.3 1.0 
G5 17.20 29.5 127.7 9.2 70.6 5.7 1.0 13.2 112.5 48989 1.7 0.8 
G6 18.97 22.2 117.7 9.0 79.0 5.6 0.9 13.9 120.4 54117 2.3 0.8 
G7 16.55 19.3 121.2 6.2 61.4 6.6 0.9 13.3 106.7 60620 1.8 0.8 
G8 19.87 24.0 128.2 8.2 77.0 5.9 1.0 15.2 130.7 55864 1.8 0.8 
G9 17.27 21.9 151.3 9.9 73.0 5.2 0.9 12.9 111.2 49541 2.2 0.9 
G10 13.10 12.4 108.7 6.9 46.4 5.2 0.8 10.7 85.8 39737 1.1 0.5 
G11 20.24 24.3 179.8 11.6 92.5 5.7 0.9 18.2 121.0 54368 2.4 1.0 
G12 18.33 22.0 125.0 8.9 70.0 6.6 0.9 14.9 96.9 57921 2.0 0.8 
G13 17.24 13.5 126.0 7.4 66.0 6.6 0.9 14.4 107.9 53298 1.2 0.8 
G14 19.38 23.3 151.9 11.9 77.6 5.2 1.0 14.5 107.1 54273 1.9 1.1 
G15 24.74 34.0 211.1 13.5 88.0 6.5 1.1 18.1 149.6 64198 2.3 1.2 
G16 20.32 27.2 173.1 12.2 84.0 5.9 0.9 15.4 119.7 54263 2.2 1.0 
G17 22.24 19.0 159.4 13.2 56.2 7.0 1.0 16.3 141.7 56934 1.1 0.7 
G18 17.50 17.5 136.3 . 
9.7 68.7 4.7 0.8 14.0 94.3 51765 1.7 0.9 
G19 21.94 14.7 159.6 11.2 85.8 5.5 1.0 16.8 138.3 58253 1.9 1.0 
G20 23.64 8.8 103.5 9.7 53.7 7.4 1.3 17.0 147.4 90381 1.1 0.7 
G21 18.31 20.6 104.9 10.7 83.4 9.1 0.8 14.3 115.9 N. D. 2.3 1.1 
G23 19.65 17.3 158.0 13.0 76.5 6.2 1.1 13.3 125.3 67408 2.1 1.1 
510 
RUN 780-Short life 
Na La K Sc Np Sm Yb 
H1 1887 42.14 N. D. 14.43 2.09 6.13 2.32 
H2 1782 43.61 N. D. 14.40 2.28 6.63 2.28 
H3 2238 -39.48 N. D. 13.57 1.87 6.35 2.37 
H4 2009 41.07 N. D. 12.38 2.52 5.85 2.46 
H5 1883 40.64 N. D. 13.41 2.13 6.31 2.50 
H6 1823 42.21 N. D. 15.02 N. D. 6.24 2.37 
H7 2438 43.85 N. D. 16.32 2.92 6.70' 3.15 
H8 2537 45.28 N. D. 15.71 2.65 6.70 2.90 
H9 2293 41.89 N. D. 14.01 2.78 6.65 2.84 
H10 2360 41.07 N. D. 13.92 2.33 6.46 2.92 
1111 2015 40.03 N. D. 14.19 2.41 5.74 2.28 
H12 2421 42.76 N. D. 14.77 2.27 6.64 2.45 
H13 1987 38.40 N. D. 13.54 2-. 11 5.97 2.14 
H14 2421 49.92 N. D. 16.75 2.32 7.68 3.18 
H15 2988 48.08 N. D. 16.88 3.22 7.17 2.96 
H16 2486 46.88 N. D. 16.55 2.53 7.65 3.02 
H17 2742 45.05 N. D. 15.47 2.18 6.73 2.76 
H18 3086 50.14 N. D. 16.16 3.46 6.51 3.09 
1119 3294 49.47 ' N. D. 17.27 2.77 8.10 3.11 
H2O 3152 46.79 N. D. 15.83 N. D. 7.23 2.98 
H21 2987 47.02 N. D. 18.48 2.80 7.50 3.00 
H22 Fault in tape 
511 
RUN 780-Long life 
Sc Co Rb Cs Ce 
H1 14.98 18.3 123.3 11.1 68.0 
H2 15.26 20.0 125.8 10.2 69.6 
H3 14.16 15.9 66.7 8.8 64.7 
H4 13.03 17.0 91.7 7.9 65.1 
H5 13.77 18.4 N. D. 7.3 66.1- 
H6 15.54 21.7 84.0 10.5 68.7 
H7 16.57 17.4 120.3 10.4 69.6 
H8 16.29 16.5 139.5 10.3 74.4 
H9 14.45 17.9 66.8 10.0 73.1 
H10 14.20 17.7 98.3 8.7 68.7 
1111 14.79 19.2 119.2 8.2 66.8 
H12 15.56 18.8 123.4 10.0 50.2 
H13 14.01 15.6 78.7 10.0 67.7 
H14 16.99 23.1 119.7 10.4 79.7 
H15 17.68 18.7 139.3 11.0 81.8 
H16 17.08 21.9 N. D. 9.6 76.9 
H17 15.59 22.1 156.5 10.3 66.4 
H18 17.17 25.4 151.8 11.5 83.0 
Hf Ta Pa Cr Fe Eu Tb 
3.7 0.8 11.4 105.4 43261 1.7 0.8 
5.4 0.8 13.1 109.1 53827 1.8 0.8 
5.0 0.9 10.3 89.5 38656 1.8 1.0 
5.5 0.9 11.2 107.5 44059 1.6 0.9 
4.7 0.9 10.7 97.4 37772 1.7 0.8 
3.8 0.8 11.5 107.0 55676 1.7 0.8 
6.7 0.8 12.3 109.4 43821 1.7 0.9 
7.1 1.0 12.9 115.7 36597 1.8 0.9 
5.6 0.9 11.4 105.3 35010 2.0 0.9 
7.6 0.8 11.1 99.6 34279 1.9 0.9 
5.8 0.9 11.5 104.3 44932 1.6 0.9 
7.2 0.9 12.4 108.0 36343 2.1 0.9 
6.2 0.8 10.8 95.9 37012 1.8 0.8 
8.1 1.1 12.9 119.2 47122 2.2 1.2 
6.9 1.1 13.5 118.6 49258 2.2 1.0 
6.8 1.0 13.5 117.9 51465 2.2 1.1 
6.2 0.9 12.6 109.0 57429 1.9 0.9 
6.1 1.0 13.3 133.8 56098 1.5 0.9 
H19 18.12 23.0 121.0 11.5 83.2 7.3 1.1 13.7 118.2 45498 2.3 1.2 
H2O 16.47 21.5 115.8 10.5 76.7 6.4 0.9 13.3 114.0 49565 2.1 1.1 
H21 17.97 22.2 94.7 10.2 76.2 5.2 0.9 12.7 111.2 41810 2.0 0.9 
H22 10.54 8.9 112.6 7.0 38.1 3.2 0.7 6.4 68.8 36861 1.1 0.6 
512 
RUN 781-Short life 
Na La K Sc Np Sm Yb 
I1 2549 32.86 N. D. 12.93 1.93 4.57 2.25 
I2 2286 37.85 N. D. 14.74 1.54 5.43 2.52 
I3 1986 36.62 24376 14.74 2.14 5.55 2.25 
I4 1860 35.88 19981 13.39 2.26 5.56 2.44 
I5 1770 41.60 25473 17.26 2.15 6.40 2.46 
I6 1691 32.80 20551 14.78 1.84 5.22 2.13 
17 2095 38.45 22380 14.44 1.85 6.11 2.31 
I8 1754 35.92 22334 14.48 2.13 5.55 2.55 
19 2157 37.77 27280 15.92 1.89 6.06 2.68 
110 1772 40.63 23095 17.82 2.27 6.44 2.83 
111 1695 41.35 24316 18.44 2.20 6.50 2.58 
112 1973 40.63 24813 15.99 2.09 6.35 2.75 
113 2298 37.44 22217 15.30 1.97 5.96 2.49 
114 1886 43.65 20227 18.11 2.59 7.19 2.80 
115 3270 42.61 N. D. 16.78 2.64 6.33 2.94 
116 2531 40.31 N. D. 15.03 2.79 6.04 2.72 
117 2857 46.98 N. D. 18.94 2.69 7.21 3.33 
118 2878 37.97 N. D. 14.67 2.31 5.69 2.74 
119 3116 39.27 25700 14.87 2.27 5.96 2.55 
120 2656 44.74 N. D. 15.31 2.38 5.99 2.89 
121 2303 49.87 N. D. 20.51 N. D. 6.93 3.24 
122 1468 31.49 N. D. 12.81 2.26 4.74 2.28 
513 
RUN 781-Long life 
Sc Co Rb Cs Ce Hf Ta Pa Cr Fe Eu Tb 
I1 12.08 13.8 109.6 7.5 49.4 3.6 0.6 8.3 82.2 31326 1.2 0.7 
12 14.30 18.0 126.9 8.9 57.1 3.5 0.7 9.9 87.6 37883 1.6 0.8 
13 13.69 15.2 113.1 7.8 54.2 3.6 0.7 9.1 87.8 37647 1.4 0.6 
14 12.18 15.2 97.6 6.9 41.2 4.5 0.7 8.9 78.2 31204 1.3 0.6 
15 15.92 19.3 119.8 8.7 48.9 3.7 0.7 10.2 104.6 48894 1.5 0.7 
16 14.10 14.4 88.8 6.9 38.6 4.0 0.8 10.0 97.1 49299 1.3 0.6 
17 13.93 17.7 93.3 8.5 51.1 4.1 0.8 10.3 89.3 32139 1.5 0.7 
18 14.12 17.5 121.6 8.0 45.9 4.4 0.7 9.6 90.3 40956 1.3 0.7 
19 14.96 21.2 145.9 8.7 46.1 4.0 0.8 9.7 94.0 50159 1.6 0.7 
110 16.54 20.3 133.6 8.8 45.9 4.6 0.9 10.2 105.8 52186 1.6 0.8 
I11 17.59 24.5 124.2 8.1 63.6 3.9 0.7 10.6 105.8 77634 1.5 0.8 
112 16.00 19.8 124.1 9.0 52.2 3.9 0.7 10.7 98.1 40710 1.6 0.8 
113 14.63 19.0 132.4 9.2 45.3 4.0 0.8 9.9 100.8 N. D. 1.5 0.8 
114 17.11 21.4 173.0 8.0 49.3 5.1 1.0 11.3 103.4 71412 1.8 0.9 
115 15.81 20.7 152.4 8.7 45.9 5.2 0.7 10.4 102.2 52539 1.7 0.8 
116 14.09 16.5 75.5 5.8 47.6 6.5 0.9 10.5 100.6 N. D. 1.5 0.8 
117 17.64 21.4 143.5 10.3 55.0 4.5 0.9 11.8 109.6 45078 1.8 1.0 
118 14.15 20.7 137.4 7.9 45.8 6.1 0.8 9.7 92.5 45927 1.4 0.8 
119 14.05 18.3 108.1 7.3 44.6 5.1 0.8 9.7 92.9 41237 1.6 0.8 
120 14.93 16.3 75.6 7.8 56.5 7.3 1.0 11.7 114.6 37624 1.7 0.8 
121 19.06 22.4 115.2 7.2 57.7 5.3 1.1 12.9 120.2 48667 1.7 1.0 
122 12.51 11.8 126.9 8.0 N. D. 4.3 0.6 7.7 83.9 44719 1.3 0.7 
514 
RUN 782-Short life 
Na La K Sc Np Sm Yb 
J1 2009 35.88 20335 13.28 2.11 5.76 2.31 
J2 2074 46.57 22142 16.22 3.17 7.73 3.40 
J3 2024 49.76 52722 18.68 3.25 7.53 3.20 
34 1916 48.35 20629 18.32 2.73 7.57 3.39 
J5 2132 38.20 21508 18.05 2.96 6.30 3.53 
J6 2160 33.52 20169 14.79 2.13 5.46 2.39 
J7 2780 47.46 19787 17.74 2.32 7.97 3.36 
J8 2282 49.88 17670 17.92 2.75 7.97 3.48 
J9 2385 48.03" 27191 18.36 2.71 7.69 3.35 
J10 2361 '38.38 13093 16.39 2.97 5.98 3.28 
Al 2172 37.53 25535 15.12 2.59 5.64 2.92 
J12 1880 44.94 N. D. 15.33 3.18 6.86 3.28 
J13 1874 50.30. 25890 18.57 3.21 7.65 3.72 
J14 2664 52.26 30800 18.92 3.61 8.02 3.50 
J15 2771 55.80 34133 20.61 4.13 8.80 3.50 
J16 2456 50.04 N. D. 17.67 3.59 7.53 3.39 
J17 1944 52.98 N. D. 21.13 2.65 7.53 3.78 
J18 2530 48.33 N. D. 18.91 2.49 7.21 3.03 
J19 4021 39.54 19964 13.17 2.23 5.69 2.94 
J20 4400 53.20 N. D. 17.44 3.84 8.04 3.74 
J21 4158 74.81 38946 21.87 5.73 13.26 5.20 
J22 1610 46.87 40653 18.46 4.27 7.48 3.50 
515 
RUN 782-Long life 
Sc Co Rb Cs Ce Hf Ta Pa Cr Fe Eu Tb 
J1 13.59 15.6 96.8 6.5 62.0 5.0 0.7 10.9 96.0 44337 1.3 0.7 
J2 16.46 22.6 126.1 8.2 70.5 6.0 1.1 12.6 113.7 39359 1.7 0.9 
J3 18.81 22.6 N. D. 8.0 73.9 5.9 1.0 14.8 141.8 44136 1.6 0.9 
J4 18.33 24.2 127.8 11.1 70.8 6.1 1.0 13.0 125.6 46072 1.7 0.8 
J5 18.34 21.2 115.3 10.7 56.4 5.7 1.0 13.4 '125.9 55053 1.6 0.8 
J6 14.86 15.8 N. D. 9.3 49.8 4.8 1.0 11.3 99.1 49508 1.3 0.7 
J7 17.89 18.5 116.1 8.1 71.6 7.1 1.1 14.9 137.2 45539 1.7 0.8 
J8 17.82 24.7 158.6 8.1 74.8 9.1 1.1 14.4 128.7 45316 1.5 0.8 
J9 19.30 21.0 145.6 9.9 71.2 4.3 0.8 13.7 136.8 60688 1.8 0.8 
J10 16.81 14.4 138.4 7.8 51.9 6.5 1.1 13.2 119.0 65013 1.4 0.7 
J11 15.37 17.8 -116.7 8.5 55.1 5.8 0.9 12.0 113.0 45226 1.4 0.6 
J12 16.12 21.1 N. D. 5.6 67.0 7.8 1.0 13.4 125.0 52444 1.3 0.7 
J13 19.42 23.3 N. D. 6.2 76.2 6.6 1.2 N. D. 137.7 49937 1.7 0.8 
J14 19.49 19.0 142.7 . 
8.8 76.2 7.7 1.3 15.1 144.3 56466 1.9 0.9 
J15 21.55 27.1 158.8 11.5 83.7 7.0 1.2 N. D. 146.2 51940 2.0 1.1 
J16 18.31 22.9 139.3 9.9 70.6 7.6 1.1 14.4 137.6 56439 1.6 0.9 
J17 21.21 24.6 103.6 6.3 74.7 8.0 1.2 15.6 147.1 69367 1.6 0.9 
J18 19.61 24.7 166.1 12.5 74.5 6.8 1.1 N. D. 140.0 54058 1.7 0.9 
J19 13.17 12.8 103.8 6.5 55.8 10.7 1.0 N. D. 112.1 35993 1.2 0.8 
J20 17.91 17.8 106.6 9.7 81.7 11.5 1.4 N. D. 140.1 58078 1.8 0.9 
J21 22.95 17.6 N. D. 5.8 119.9 12.2 1.3 23.2 176.1 52977 3.1 1.5 
J22 19.64 18.7 180.0 13.2 71.3 7.2 1.1 N. D. 140.5 69556 2.0 1.0 
516 
RUN 783-Short life 
Na La K Sc Np Sm Yb 
K1 2085 40.73 14441 13.36 3.09 7.66 2.78 
K2 2808 34.25 N. D. 12.41 2.27 5.72 2.39 
1(3 2577 47.64 N. D. 17.26 3.95 8.93 3.27 
K4 2560 34.64 9723' 11.49 2.42 5.84 2.72 
K5 3077 39.15 27102, 13.30 2.10 6.74 2.77 
K6 3339 38.05 7444 14.23 2.46 6.48 2.52 
K7 2369 45.71 N. D. 14.94 3.71 8.48 3.00 
K8 2713 55.12 N. D. 18.52 4.63 9.94 3.40 
K9 3220 34.43 N. D. 12.66 2.89 5.95 2.47 
K10 3613 39.09 N. D. 14.84 3.01 6.90 3.11 
K11 1142 28.13 N. D. 11.92 3.30 3.53 2.64 
K12 3332 55.12 N. D. 19.18 4.83 10.18 3.47 
K13 1938 34.50 N. D. 16.13 3.26 4.60 2.97 
K14 4478 71.26 N. D. 24.04 4.97 12.42 4.47 
K15 2367 34.13 N. D. 15.10 2.26 6.16 2.90 
K16 4243 54.43 N. D. 17.86 4.40 9.47 3.20 
K17 3226 58.80 N. D. 20.16 5.54 10.21 3.79 
K18 2818 47.40 - N. D. 15.79 3.01 7.53 2.74 
K19 3242 54.26 N. D. 20.48 3.19 7.92 4.44 
K20 N. D. 51.77 N. D. 24.41 4.81 6.63 3.88 
K21 4946 27.59 N. D. 12.73 2.37 3.16 1.69 
K22 2418 27.60 739093 10.80 2.18 3.95 1.96 
517 
RUN 783-Long life 
Sc Co Rb Cs Ce Hf Ta Pa Cr Fe Eu Tb 
K1 13.19 7.6 38.2 3.4 65.4 6.3 0.6 12.0 96.1 28660 2.1 1.1 
K2 12.60 4.2 30.0 2.8 60.2 8.8 0.8 10.7 85.9 21602 1.6 0.8 
K3 18.11 8.9 30.5 4.5 89.3 6.7 0.6 13.2 99.6 30161 2.8 1.4 
K4 11.12 9.5 42.1 3.3 56.2 8.9 0.8 10.1 87.9 23249 1.5 0.9 
K5 13.30 9.7 57.9 3.9 59.6 8.9 0.8 13.0 106.9 37218 1.9 0.9 
K6 13.56 8.6 58.6 5.0 71.4 8.6 0.6 10.4 82.9 35234 1.5 0.8 
K7 14.41 9.9 23.1 4.0 79.7 6.3 0.6 12.8 96.5 30145 2.2 1.1 
K8 17.55 10.0 34.6 5.2 90.4 7.3 0.9 14.2 116.6 35853 2.8 1.4 
K9 21.33 12.4 32.7 6.1 106.6 9.2 1.0 17.7 142.6 42961 3.3 1.8 
1(10 11.38 6.8 27.0 3.3 59.3 7.7 0.6 11.4 74.8 22130 1.5 0.8 
1(11 16.32 7.5 47.5 3.4 74.7 10.9 0.9 13.7 111.5 29645 2.1 1.2 
K12 9.81 4.9 36.6 2.3 32.0 9.3 1.1 7.7 108.9 26464 0.9 0.4 
K13 22.57 9.5 N. D. 5.4 118.1 9.3 0.9 17.8 142.5 40782 3.4 1.7 
K14 12.57 5.0 N. D. 3.4 37.9 8.4 1.2 8.5 136.2 20170 1.0 0.6 
K15 13.46 8.2 N. D. 4.4 54.7 7.3 0.8 10.8 92.5 32224 1.7 1.0 
K16 16.78 6.2 34.6 4.2 90.5 7.0 0.7 15.3 113.3 31053 2.7 1.5 
K17 18.27 8.6 65.3 5.0 91.5 7.5 0.8 14.5 114.6 34425 2.9 1.4 
K18 14.90 13.4 108.8 9.3 75.4 4.2 0.6 10.0 105.6 42180 2.1 1.2 
K19 19.51 8.6 74.9 7.5 88.1 9.3 1.3 12.3 147.5 25781 2.4 1.3 
K20 22.39 8.0 104.5 8.6 81.3 6.0 1.3 14.1 149.6 19091 1.8 1.2 
1(21 11.73 7.0 119.3 7.6 33.6 5.8 0.6 9.7 78.6 38981 0.8 0.5 
K22 12.68 11.3 73.1 8.3 46.8 3.9 0.6 7.3 82.3 N. D. 1.1 0.7 
518 
RUN 784-Short life 
Na La K Sc Np Sm Yb 
L1 1678 35.04 N. D. 16.09 3.02 5.21 2.98 
L2 1695 29.74 N. D. 16.16 3.07 4.83 3.66 
L3 1242 33.52 N. D. ' 18.81 2.94 3.36 2.30 
L4 1726 32.51 N. D. 13.79. 2.06 4.70 2.37 
L5 2049 30.36 N. D. 12.74 3.09 3.87 2.51 
L6 2463 23.52 N. D. 10.81 2.05 3.10 1.64 
L7 2048 26.22 N. D. 11.47 1.44 3.84 1.93 
L8 1919 41.65 N. D. 13.70 N. D. 7.27 2.66 
L9 2267 44.53 N. D. 15.85 2.02 5.94 2.65 
L10 1512 33.80 N. D. 13.08 3.05 4.20 2.11 
L11 2555 31.42 N. D. 15.12 N. D. 3.63 2.34 
L12 3371 33.12 N. D. 14.26 3.33 4.01 1.84 
L13 3231 32.48 N. D. 14.75 2.45 4.58 2.12 
L14 2036 31.53 N. D. 12.51 2.91 3.91 2.25 
L15 2537 33.08 N. D. 13.45 3.04 4.31 2.41 
L16 2427 33.84 N. D. 13.22 3.03 5.22 2.57 
L17 2204 29.75 N. D. 12.16 2.54 4.39 1.99 
L18 3068 29.79 187231 14.13 3.15 3.84 2.42 
L19 4787 58.78 N. D. 18.63 4.71 9.66 3.76 
L20 N. D. 39.20 N. D. 16.19 2.46 6.35 3.21 
L21 3468 44.86 N. D. 14.92 2.50 7.07 2.92 
L22 N. D. -39.48 N. D. 15.22 3.08 6.02 2.56 
519 
RUN 784-Long life 
Sc Co Rb Cs Ce Hf Ta Pa Cr Fe Eu Tb 
LL 16.70 10.6 N. D. 6.1 49.2 7.2 1.0 9.8 119.9 52021 1.7 0.8 
L2 16.56 9.9 N. D. 6.0 38.6 7.7 1.2 8.3 106.4 50029 1.6 0.7 
L3 20.03 7.5 N. D. 6.0 43.9 7.7 1.0 12.1 138.0 73486 1.0 0.6 
L4 14.50 22.0 N. D. 4.9 60.7 5.9 1.1 11.0 85.3 41837 1.4 0.8 
L5 13.74 7.6 N. D. 6.4 39.4 9.6 1.6 8.8 108.8 44878 1.0 0.6 
L6 10.69 14.2 N. D. 3.5 39.1 5.2 0.7 6.3 69.8 28170 1.0 0.4 
L7 11.47 13.2 N. D. 5.6 35.0 7.6 0.7 7.6 88.4 34134 1.0 0.5 
L8 13.55 12.5 N. D. 6.9 63.4 3.5 0.7 7.9 89.2 36300 2.1 1.1 
L9 16.12 10.7 N. D. 11.9 59.3 4.8 0.5 8.7 89.5 45671 1.8 0.7 
L10 13.41 8.0 N. D. 6.7 41.8 7.8 1.6 9.6 79.3 41022 1.2 0.6 
L11 15.43 33.9 N. D. 6.1 60.2 7.1 1.3 8.4 102.8 41368 1.2 0.6 
L12 14.36 7.2 N. D. 7.1 43.9 7.4 1.1 9.7 65.1 35404 1.2 0.5 
L13 14.97 13.6 N. D. 9.8 37.7 5.7 0.7 9.3 106.6 34708 1.4 0.6 
L14 12.85 7.4 N. D. 5.7 38.3 9.8 1.0 7.6 129.8 , 
41603 1.2 0.6 
L15 13.77 8.1 N. D. 6.4 33.7 9.6 1.7 7.6 82.9 40645 1.3 0.7 
L16 13.79 17.3 N. D. 9.2 44.3 7.2 0.8 8.0 94.7 31698 1.5 0.8 
L17 12.68 15.7 N. D. 7.0 42.2 9.0 0.9 7.7 86.4 37384 1.3 0.7 
L18 14.37 16.8 N. D. 5.4 48.3 8.5 1.0 8.6 108.4 42139 1.3 0.6 
L19 20.27 18.7 N. D. 13.5 69.9 7.0 1.1 12.6 131.8 71703 2.1 1.1 
L20 16.77 20.4 N. D. 10.0 62.4 6.4 0.9 8.7 124.9 50029 1.6 1.0 
L21 15.15 26.9 N. D. 5.6 71.3 9.2 1.4 8.7 65.1 34731 2.1 0.9 
L22 16.81 16.1 N. D. 11.5 60.5 7.1 0.9 7.1 119.3 60099 1.8 1.0 
520 
RUN 788-Short life 
Na La K Sc Np ' Sm Yb 
Ml Machine fault-no data recorded 
M2 Machine fault-no data recorded 
M3 Machine fault-no data recorded 
M4 619 33.40 N. D. 20.39 2.80 5.00 2.20 
M5 513 27.51 N. D. 21.84 3.40 4.90 2.58 
M6 767 34.95 N. D. 24.96 3.55 5.51 3.20 
M7 566 33.36 N. D. 21.24 N. D. 5.00 2.48 
M8 601 32.33 N. D. 22.21 3.76 4.92 2.77 
M9 558 32.78 N. D. 24.71 3.69 5.26 2.64 
M10 625 35.17 N. D. 21.27 3.43 5.32 2.66 
Mll 841 35.24 N. D. 24.92 3.38 5.28 2.85 
M12 959 34.89 N. D. 24.68 3.54 5.28 2.79 
M13 795 37.63 N. D. 22.38 3.45 5.26 2.66 
M14 691 26.27 N. D. 22.83 3.61 4.44 2.54 
M15 935 43.36 N. D. 26.57 4.48 6.27 3.28 
M16 1037 30.48 N. D. 20.93 2.63 3.61 2.32 
M17 N. D. 27.85 N. D. 21.81 3.48 4.34 2.88 
M18 516 28.21 N. D. ' 24.12 3.76 4.54 2.32 
M19 1435 59.01 M. D. 24.42 3.61 11.37 4.32 
M20 1351 55.74 N. D. 22.41 3.46 10.27 4.22 
M21 1855 54.94 N. D. 22.53 3.68 10.85 3.98 
M23 Machine fault-no data recorded 
521 
RUN 788-Long life 
Sc Co Rb Cs Ce 
M1 21.50 14.8 79.8 9.1 35.1 
M2 21.57 17.0 82.8 8.0 51.2 
M3 23.63 18.1 92.6 7.2 39.8 
M4 20.65 12.3 74.0 6.3 41.5 
M5 22.32 10.8 106.2 6.8 32.1 
M6 24.89 22.3 125.7 8.5 45.0 
M7 20.41 12.9 113.7 6.7 37.5 
M8 20.97 11.8 92.9 7.4 38.5 
M9 23.51 12.6 83.5 7.4 41.6 
M10 20.08 10.7 60.8 5.3 42.3 
M11 23.61 18.8 103.3 8.9 47.0 
M12 23.42 14.8 87.9 8.1 40.4 
M13 21.11 12.0 N. D. 5.1 42.2 
M14 21.82 11.8 84.6 6.5 35.2 
M15 25.77 15.8 105.0 6.5 52.0 
M16 20.08 9.9 95.2 6.5 37.9 
M17 20.67 11.0 67.9 5.7 30.1 
M18 22.68 10.4 98.4 8.6 33.6 
M19 23.11 11.3 96.1 ý6.3 91.1 
M20 21.47 10.0 105.2 6.3 83.4 
M21 21.17 9.9 66.0 5.8 86.9 
M23 18.35 15.3 115.1 11.9 67.6 
Hf Ta Pa Cr Fe Eu Tb 
6.4 1.3 13.0 129.4 65703 1.2 0.8 
5.8 1.3 20.6 145.4 68427 1.6 1.0 
7.0 1.2 14.8 147.9 67768 1.4 0.8 
5.7 -1.2 13.8 122.7 64041 1.3 0.5 
6.0 1.1 12.9 148.2 68166 1.4 0.7 
5.9 1.5 15.2 158.4 78502 1.2 1.0 
5.6 1.1 11.0 146.0 64604 1.2 0.7 
5.9 1.2 11.8 132.5 63534 1.2 0.6 
7.2 1.2 21.1 140.0 71039 1.4 0.6 
5.4 1.2 11.6 134.5 61922 1.3 0.8 
6.7 1.1 14.6 149.9 75697 1.3 0.9 
6.3 1.3 21.8 157.9 72684 1.2 0.7 
6.6- 1.3 12.7 147.9 63620 1.3 0.6 
6.9 1.1 11.1 140.5 63463 1.2 0.6 
7.4 1.5 14.9 156.8 74547 1.6 0.9 
6.2 1.0 18.5 134.4 53251 0.9 0.6 
6.1 1.1 12.6 136.9 63082 1.2 0.7 
6.5 1.1 10.2,173.5 68862 1.3 0.8 
7.9 1.3 19.9 152.4 31754 2.9 1.5 
9.3 . 1.6 11.7 138.1 27695 2.6 1.3 
8.9 1.4 9.9 155.8 27019 2.6 1.3 
5.6 0.8 15.9 113.3 61633 1.7 1.0 
522 
RUN 792-Short life 
Na La K Sc Np Sm Yb 
Ni 1604 51.11 N. D. 18.25 2.71 9.00 3.73 
N2 1455 43.43 N. D. 15.75 2.34 7.87 3.26 
N3 1173 33.65 N. D. 18.91 2.15 8.01 3.49 
N4 1327 52.92 N. D. 14.04 3.93 8.52 4.68 
N5 2920 51.00 N. D. 15.98 3.15 8.41 3.28 
N6 1671 41.91 N. D. 14.08 2.45 7.95 3.12 
N7 1236 31.44 N. D. 20.07 3.27 4.01 2.73 
N8 1148 33.46 N. D. 21.22 3.49 4.33 3.08 
N9 1961 40.27 N. D. 17.87 2.84 5.79 2.92 
N10 1249 38.85' N. D. 18.83 2.39 5.08 3.32 
N11 1235 30.57 N. D. 19.46 3.11 4.34 2.60 
N12 2795 34.12 N. D. 14.69 2.38 4.98 2.61 
N13 1930 44.90 N. D. 18.19 3.06 5.64 '2.85 
N14 2760 35.94 N. D. 13.11 2.26 5.77 2.52 
N15 2227 35.96 N. D. 11.96 2.15 7.23 2.67 
N16 2829 45.97 N. D. 17.94 2.82 7.22 3.31 
N17 3468 46.68 N. D. 18.93 3.85 6.45 3.27 
N18 2273 44.10 N. D. 18.93 3.42 5.11 3.67 
N19 N. D. 50.84 N. D. 15.64 3.37 4.83 1.29 
N20 2562 40.78 N. D. 17.07 3.19 6.61 3.59 
N21 2008 31.47 N. D. 17.37 3.17 3.70 3.06 
N22 1787 38.86 N. D. 15.73 2.85 5.95 2.68 
523 
RUN 792-Long life 
Sc Co Rb Cs Ce Hf Ta Pa Cr Fe Eu Tb 
Ni 18.32 8.4 81.4 5.3 104.4 9.4 1.3 10.7 113.9 23318 2.8 1.4 
N2 16.06 6.8 72.9 4.5 98.0 8.6 1.2 9.7 105.0 20834 2.5 1.3 
N3 18.95 5.7 91.2 5.9 76.5 8.2 1.1 13.3 128.4 19299 2.2 1.2 
N4 14.11 4.5 N. D. 4.0 115.4 17.1 1.7 14.6 110.9 12078 2.5 1.3 
N5 15.86 9.2 113.6 10.2 117.0 8.9 0.8 12.5 102.3 35134 2.4 1.2 
N6 14.05 14.0 119.2 8.8 94.2 9.4 0.8 10.8 85.0 36584 2.2 1.1 
N7 20.07 16.9 171.4 10.1 64.5 7.4 1.2 12.8 114.4 55352 1.3 0.8 
N8 21.30 15.4 132.8 9.9 62.5 7.6 1.2 13.6 123.0 59891 1.3 0.6 
N9 17.73 13.4 110.3 7.3 63.6 7.7 1.2 11.0 105.9 54482 1.9 0.9 
N10 18.98 15.5 162.6 8.3 75.4 8.4 1.1 10.8 126.9 64225 1.6 0.9 
N11 19.67 17.1 74.2 9.3 44.2 6.1 1.0 11.1 109.5 57842 1.4 0.7 
N12 14.65 17.4 175.5 11.0 62.7 9.1 0.9 9.9 97.0 32297 1.5 0.7 
N13 18.22 16.2 174.1 -10.1 98.3 7.3 1.0 14.3 111.2 52525 1.7 0.8 
N14 12.84 14.1 157.8 7.7 60.0 6.6 0.7 9.8 72.7 37674 1.6 0.9 
N15 11.87 7.1 N. D. 6.4 48.9 9.1 0.5 9.3 69.4 19712 2.3 1.0 
N16 17.95 21.2 216.2 12.3 77.1 7.9 0.8 13.5 107.3 N. D. 2.0 1.0 
N17 18.94 8.9 114.5 11.6 93.8 10.5 1.2 15.1 132.2 63744 1.8 1.0 
N18 18.94 7.8 N. D. 6.2 49.5 13.7 1.3 14.8 153.0 52285 1.5 0.9 
N19 15.76 4.4 132.3 8.2 81.3 3.6 0.7 11.4 111.3 41495 1.3 0.6 
N20 17.24 8.4 92.0 7.1 59.7 11.7 1.3 12.1 134.9 24384 2.2 1.1 
N21 17.46 6.2 N. D. 6.4 46.4 9.6 1.3 12.4 119.3 45912 1.3 0.7 
N22 15.73 13.4 167.9 10.5 60.5 6.1 0.7 9.2 99.1 55417 1.6 0.9 
524 
RUN 793-Short life 
Na La K Sc Np Sm Yb 
01 2236 43.14 13887 18.95 3.26 5.30 3.30 
02 2772 45.94 23583 19.53 3.29 6.94 4.03 
03 2735 32.03 18729 15.97 1.93 5.86' 2.41 
04 2410 40.60 21396 17.30 2.93 6.08 3.30 
05 2791 43.73 25603 18.49 2.93 5.46 3.23 
06 '3226 39.97 21043 17.74 2.73 6.12 3.37 
07 2222 46.04 21203 18.04 2.71 6.81 2.90 
08 2559 32.25 13135 18.16 3.07 6.78 3.85 
09 1813 41.37 20388 18.53 2.71 7.27 2.80 
010 2666 35.82 17670 14.12 2.19 5.08 3.00 
011 2547 56.75 20494 24.05 4.22' 9.54 4.24- 
012 2329 71.74 22591 25.82 3.52 8.42 4.03 
013 2452 33.43 17762 14.67 2.04 --6.28 2.61 
014 2817 46.26 21556 18.13 2.81 8.36 3.34 
015 2183 33.02 17373 16.36 3.33 5.09 2.23 
016 8956 48.81 24266 20.73 2.75 9.72 4.02 
017 4013 36.10 22100 15.19 2.30 7.49 2.90 
018 2938 37.23 24984 17.36 2.31 6.73 2.47 
019 4223 54.67 31643 20.99 3.98 9.01 3.71 
020 2627 46.15 24105 20.50 2.74 6.33 2.96 
021 2660 45.99 27612 21.94 2.77 6.49 3.14 
022 1465 ' 45.68 35676 18.55 3.50 7.14 3.33 
525 
RUN 793-Long life 
Sc Co Rb Cs Ce Hf Ta Pa Cr Fe Eu Tb 
01 18.66 6.8 83.0 6.7 59.4 10.5 1.2 14.9 150.6 58142 1.5 0.9 
02 19.46 20.8 N. D. 8.2 84.3 16.1 1.5 15.6 181.2 55041 1.6 1.0 
03 16.00 14.8 141.4 9.0 57.4 5.3 0.8 12.2 108.2 44353 1.4 0.8 
04 16.93 17.2 110.7 6.6 67.4 14.8 1.3, 13.2 154.8 48110 1.5 0.9 
05 18.62 10.4 158.6 10.4 '71.2 15.0 1.2 13.9 183.3 43807 1.4 0.9 
06 17.60 17.5 89.0 4.9 67.4 13.9 1.4 13.8 155.3 51036 1.6 0.9 
07 18.08 9.2 113.5 800 89.2 7.6 1.6 14.9 118.9 45642 1.6 0.8 
08 17.42 9.6. 103.6 6.7 59.6 8.7 1.1 11.6 156.9 25752 2.0 1.0 
09 18.46 31.2 136.9 5.9 102.0 7.6 0.9 13.8 135.3 48924 1.9 0.9 
010 13.78 7.3ý 83.6 6.3 61.3 13.7 1.1 12.3 103.0 43576 1.3 0.6 
011 23.17 11.7 128.9 9.1 105.6 11.4 1.5 15.6 170.5 42405 2.8 1.4 
012 25.10 11.2 137.9 10.0 126.7 12.8 1.9 17.1 196.5 62159 2.2 1.1 
013 14.05 14.3 109.0 6.1 72.2 6.4 0.6 9.2 95.6 44377 1.7 0.9 
014 18.07 21.6 136.9 7.5 101.6 7.4 0.9 13.5 123.1 43187 2.1 1.0 
015 16.08 41.6 98.1 6.1 56.3 7.1 0.8 10.4 113.5 41559 1.5 0.8 
016 19.30 16.6 82.4 6.7 84.1 8.7 0.9 16.4 126.3 45386 2.8 1.4 
017 14.51 37.6 110.3 8.4 95.2 6.9 0.8 11.8 105.3 44130 1.9 1.0 
018 16.80 13.4. 171.7 8.6 81.2 6.9 1.4 14.1 104.9 58189 1.5 0.9 
019 20.09 8.1 182.4 10.1 100.1 9.1 2.5 16.7 144.9 66480 2.1 1.1 
020 19.40 8.7 207.9 9.5 78.6 8.3 1.4 15.9 128.0 53656 1.5 0.9 
021 20.38 11.5 158.4 9.9 81.5 7.6 1.4 16.0 132.8 47157 1.7 0.9 
022 19.31 17.8. 205.8 13.1 94.8 6.9 0.9 12.4 130.3 69172 2.0 1.2 
526 
RUN 794-Short life 
Na La K Sc Np Sm Yb 
P1 2234 24.81 16521 11.46 1.77 3.66 1.70 
P2 1875 36.19 21016 17.77 2.50 6.04 2.64 
P3 1749 30.42 21445 15.96 2.49 4.90 2.27 
P4 3140 30.74 17132 15.17 1.60 5.44 2.27 
P5 3248 34.70 N. D. 16.32 2.36 6.19 2.28 
P6 2522 29.97 17197 13.55 1.76 4.56 2.22 
P7 994 26.74 13317 12.10 1.30 4.42 2.07 
P8 838 35.94 18758 16.78 1.92 5.57 2.83 
P9 944 29.95 13026 12.00 1.51 5.03 2.08 
P10 687 31.12 15887 15.46 1.84 4.90 2.16 
P11 937 26.68 14579 13.12 1.17 4.07 1.63 
P12 1309 25.53 13926 12.95 1.61 3.81 1.88 
P13 2011 31.98 15068 12.69 1.68 5.15 2.25 
P14 2521 19.20 15107 12.28 1.13 3.00 1.60 
P15 4861 27.29 10047 12.09 1.30 8.68 3.67 
P16 3001 29.38 18821 14.64 1.86 4.31 2.44 
P17 2236 28.95 13598 13.66 1.52 4.24 1.87 
P18 3605 26.08 13034 13.45 1.44 3.97 1.84 
P19 917 28.25 14115 12.90 1.57 4.25 1.84 
P20 3788 42.51 22098 16.66 2.96 7.24 3.06 
P21 1735 45.31 28249 17.24 2.69 7.09 2.39 
P22 1111 35.50 26018 14.39 2.62 5.97 2.48 
527 
RUN 794-Long life 
Sc Co Rb Cs Ce Hf Ta Pa Cr Fe Eu Tb 
P1 11.69 6.5 69.2 6.9 36.2 4.3 1.2 9.4 81.4 36115 0.9 0.5 
P2 18.08 14.9 108.1 9.6 56.3 4.5 1.0 11.1 111.7 44528 1.5 0.8 
P3 16.26 18.8 74.5 5.8 56.5 6.7 1.7 12.8 105.1 64488 1.0 0.6 
P4 13.99 7.0 95.3 8.1 46.4 4.4 1.5 10.9 88.6 38228 1.0 0.5 
P5 17.19 15.5 95.3 11.2 51.8 4.3 0.9 11.0 108.2 35760 1.4 0.8 
P6 13.66 11.6 73.8 7.2 52.8 7.0 1.5 10.9 95.5 40889 1.0 0.7 
P7 12.26 12.0 70.6 9.4 37.8 3.8 1.0 8.8 78.7 38141 0.9 0.6 
P8 16.99 14.1 92.8 10.8 50.1 3.4 1.2 11.5 102.5 36983 1.4 0.7 
P9 12.19 11.3 65.6 8.5 39.8 4.1 1.0 8.7 75.9 36450 1.1 0.6 
P10 15.57 10.8 86.5 10.1 44.0 3.3 0.9 10.3 97.6 34749 1.1 0.7 
P11 13.13 7.3 81.6 10.4 37.0 2.6 0.6 7.9 78.5 30641 0.9 0.5 
P12 13.05 9.0 70.5 9.6 34.7 2.8 0.7 8.6 81.2 30769 0.8 0.5 
P13 12.72 8.0 86.0 9.1 39.5 4.0 0.9 9.2 81.0 32982 1.2 0.7 
P14 12.19 9.4 93.5 10.5 24.5 2.2 0.6 6.0 79.0 37579 0.6 0.5 
P15 12.14 9.4 47.9 8.0 39.2 3.1 0.8 6.9 78.4 27120 2.4 1.3 
P16 11.94 9.3 40.7 8.1 40.8 2.5 0.6 6.7 78.9 26862 2.4 1.3 
P17 13.99 10.7 100.7 13.4 40.0 3.9 1.0 9.6 82.8 32221 0.8 0.6 
P18 13.18 9.6 70.5 8.1 39.1 3.8 0.8 7.2 90.7 34229 0.9 0.5 
P19 12.14 4.2 56.1 13.0 29.7 3.3 1.0 8.1 70.9 29292 0.6 0.4 
P20 18.59 13.4 112.9 11.9 59.2 4.7 1.1 12.8 111.9 41013 1.4 0.7 
P21 14.96 15.2 73.9 7.0 56.2 6.1 1.2 11.5 96.6 30751 1.7 0.9 
P22 14.82 12.8 75.2 9.9 68.8 5.0 1.0 9.4 95.4 51687 1.4 0.7 
528 
RUN 799-Short life 
Na La K Sc Np Sm Yb 
Q1 954 28.65 N. D. 16.30 N. D. N. D. 2.31 
Q2 998 38.54 N. D. 15.99 N. D. N. D. 3.36 
Q3 946 38.88' N. D. 19.47 N. D. N. D. 3.55 
Q4 1628 48.34 N. D. 18.07 N. D. N. D. 3.43 
Q5 478 27.67 N. D. 14.73 N. D. N. D. 1.55 
Q6 1057 52.71 N. D. 22.19 N. D. N. D. 3.33 
Q7 1589 44.76 N. D. 16.26 N. D. N. D. 3.04 
Q8 1167 57.05 N. D. 25.77 N. D. N. D. 3.26 
Q9 1109 35.56 N. D. 17.32 N. D. N. D. 2.71 
Q10 888 42.64 N. D. 15.76 N. D. N. D. 2.07 
Q11 1458 46.69 N. D. 20.70 N. D. N. D. 3.60 
Q12 1181 49.08 N. D. 20.29 N. D. N. D. 3.18 
Q13 1368 46.38 N. D. 16.47 N. D. N. D. 2.28 
Q14 1247 24.80 N. D. 10.53 N. D. N. D. 1.49 
Q15 2067 45.27 N. D. 14.51 N. D. N. D. 2.43 
Q16 2236 47.80 N. D. 17.58 N. D. N. D. 2.39 
Q17 1509 40.76 N. D. 14.52 N. D. N. D. 2.04 
Q18 2967 43.29 N. D. 13.99 N. D. N. D. 2.28 
Q19 1524 50.03 N. D. 19.20 N. D. N. D. 2.43 
Q20 1826 50.68 N. D. 18.34 N. D. N. D. 2.71" 
Q21 908 27.83 N. D. 12.92 N. D. N. D. 1.34 
Q23 610 33.23 N. D. 13.65 N. D. N. D. 1.99 
529 
RUN 799-Long life 
Sc Co Rb Cs Ce Hf Ta Pa Cr Fe Eu Tb 
Q1 Machine fault-no data recorded 
Q2 13.06 15.7 92.9 6.7 52.8 10.3 0.9 11.2 102.7 44163 1.6 0.8 
Q3 15.85 20.2 103.0 6.3 66.2 5.8 0.8 8.6 99.0 46696 1.9 1.1 
Q4 14.47 25.0 103.9 9.9 69.8 5.6 0.9 10.1 95.3 46354 2.0 0.8 
Q5 11.70 5.7 77.1 10.0 38.2 3.7 0.7 7.8 69.8 24216 0.8 0.4 
Q6 17.93 21.6 129.3' 9.9 83.1 4.4 0.8 11.8 100.1 43909 2.0 1.0 
Q7 13.23 16.8 56.8 8.5 59.3 6.4 0.8 10.2 88.7 38280 1.7 0.8 
Q8 20.87 23.6 158.3 11.7 88.2 4.4 1.0 13.3 113.9 51352 2.2 1.1 
Q9 14.05 15.2 N. D. 8.6 45.6 4.9 0.8 9.3 82.1 44209 1.4 0.8 
Q10 12.93 11.6 98.4 10.5 61.8 3.2 0.7 9.7 86.8 34976 1.4 0.6 
Q11 16.59 22.4 89.6 9.0 71.5 7.1 1.0 11.7 101.5 43801 1.8 1.0 
Q12 16.37 21.6 109.3 11.7 69.2 5.3 0.7 11.1 98.7 44202 2.1 1.0 
Q13 15.89 16.5 116.8 8.7 70.8 5.0 0.9 10.8 101.0 41444 1.7 0.8 
Q14 10.24 14.9 85.6 4.6 38.8 5.8 0.6 8.2 68.0 34900 1.0 0.4 
Q15 Machine fault-no data recorded 
Q16 17.21 23.6 86.2 11.1 63.8 5.6 1.1 12.6 105.6 51955 2.0 1.0 
Q17 14.05 10.5 122.0 9.5 52.1 7.4 0.9 10.5 90.2 52995 1.0 0.6 
Q18 13.87 14.2 100.1 11.5 63.3 5.9 0.8 10.2 88.4 43921 1.7 0.8 
Q19 18.79 22.6 121.0 10.2 73.5 5.0 0.8 12.0 107.6 50570 2.2 1.1 
Q20 18.04 26.0 128.6 12.1 75.2 7.3 0.9 13.2 113.3 58323 2.3 1.2 
Q21 12.78 9.6 82.7 9.3 25.5 4.3 0.7 8.4.72.5 27603 0.9 0.5 
Q23 11.34 10.4 74.5 7.2 52.3 3.4 0.5 6.8 63.1 21259 1.2 0.5 
530 
RUN 800-Short life 
Na La K Sc Np Sm Yb 
R1 914 22.29 N. D. 14.55 N. D. N. D. 1.50 
R2 2276 22.60 N. D. 10.88 N. D. N. D. 1.92 
R3 2855 48.69 N. D. 16.97 N. D. 6.69 2.78 
R4 3180 35.20 N. D. 18.50 N. D. N. D. 2.23 
R5 2912 57.44 N. D. 21.90 N. D. 9.54 3.56 
R6 779 26.44 N. D. 14.71 N. D. N. D. 1.94 
R7 989 28.80 N. D. 15.14 N. D. N. D. 1.93 
R8 1210 43.53 N. D. 19.99 N. D. N. D. 2.70 
R9 585 12.49 N. D. 12.81 N. D. N. D. 1.43 
R10 636 19.02 N. D. 10.40 N. D. N. D. 1.27 
R11 1264 33.23 N. D. 17.33 N. D. N. D. 1.83 
R12 972 27.16 N. D. 13.77 N. D. 4.57 2.00 
R13 1166 35.31 N. D. 14.45 N. D. N. D. 2.07 
R14 1039 28.81 N. D. 12.69 N. D. N. D. 1.65 
R15 1411 26.28 N. D. 12.26 N. D. N. D. 1.77 
R16 1248 30.93 N. D. 16.16 N. D. N. D. 2'. 34 
R17 786 15.36 N. D. 14.03 N. D. N. D. 1.62 
R18 2832 34.93 N. D. 14.66 N. D. N. D. 1.84 
R19 3072 36.92 N. D. 13.69 N. D. N. D. 2.08 
R20 2071 49.18 N. D. 17.95 N. D. 9.02 3.67 
R21 913 32.36 N. D. 15.48 N. D. N. D. 2.16 
R22 1837 44.61 N. D. 18.11 N. D. N. D. 2.83 
531 
RUN 800-Long life 
Sc Co Rb Cs Ce Hf Ta Pa Cr Fe Eu Tb 
R1 14.69 7.0 112.9 8.7 19.3 5.2 0.6 8.7 92.4 36570 0.7 0.5 
R2 10.96 10.5 85.1 5.0 32.2 5.8 0.6 8.4 63.5 43851 1.0 0.8 
R3 17.06 15.0 . 80.2 9.4 65.8 7.0 0.8 12.8 115.4 51108 1.7 1.0 
R4 18.56 9.4 86.7 5.9 34.9 14.1 0.9 8.0 161.3 49012 1.0 0.5 
R5 21.94 19.6 106.2 10.0 96.5 8.8 1.0 15.5 136.7 62465 2.9 1.3 
R6 14.86 10.6 70.9 12.0 29.8 5.0 0.7 9.0 97.5 30805 0.9 0.5 
R7 15.05 15.7 120.2' 11.3 48.8 5.2 0.7 9.7 99.8 45516 1.1 0.5 
R8 20.03 16.5 116.7 17.3 64.2 5.3 1.0 14.0 122.8 38179 1.4 0.9 
R9 12.29 8.8 83.2 10.4 8.3 3.2 0.5 8.8 87.1 33482 0.3 0.3 
R10 10.40 7.3 '55.6 8.7 21.8 2.8 0.4 6.4 67.2 30120 0.5 0.3 
R11 17.45 9.4 119.3 15.3 46.8 4.9 0.8 11.5 109.7 39259 0.6 0.4 
R12 13.75 11.6 74.4 10.2 42.5 5.2 0.7 8.0 89.1 33828 1.1 0.7 
R13 14.75 14.2 104.7`17.5 51.3 5.0 0.9 11.0 89.6 33136 1.1 0.7 
R14 12.69 6.7 71.1 10.5 40.9 2.5 0.6 8.8 82.7 29165 0.9 0.4 
R15 12.22 5.7 67.2 7.5 37.5 4.0 0.7 7.1 84.9 26258 0.7 0.5 
R16 16.32 16.0 105.1 14.3 50.7 5.5 0.9 9.9 107.5 37463 1.1 0.6 
R17 14.12 7.1 51.6 8.9 9.2 5.0 0.8 10.5 99.4 34755 0.3 N. D. 
R18 14.69 7.5 48.8 5.4 58.3 4.2 0.9 10.4 118.3 35183 1.1 0.8 
R19 13.84 8.9 65.2 7.3 60.4 6.7 0.6 9.7 88.7 24688 1.5 0.8 
R20 18.01 8.4 45.9 5.3 99.5 12.5 1.3 12.7 144.9 15343 2.5 1.5 
R21 15.59 7.1 47.1 `4.9 55.3 4.8 0.9 9.5 106.6 24640 1.3 0.6 
R22 18.49 16.6 137.9 12.2 88.6 7.3 0.8 11.6 116.8 65077 2.0 1.2 
532 
RUN 801-Short life 
Na La K Sc Np Sm Yb 
S1 2262 37.71 26995 14.98 2.09 3.71 2.06 
S2 1911 38.56 10587 16.99 N. D. 7.10 2.56 
S3 3396 44.99 20323 15.58 N. D. 7.25 2.77 
S4 3323 52.74 19062 16.68 N. D. 8.24 "3.01 
S5 959 29.56 11341 12.70 N. D. 4.89 1.98 
S6 1814 35.77 13592 18.73 N. D. 5.05 3.14 
S7 660 24.50 15152 14.52 N. D. 2.74 1.74 
S8 1450 54.96 25750 20.38 3.19 8.15 3.29 
S9 454 22.48 11961 13.44 N. D. N. D. 1.56 
S10 1697 46.14 18437 18.97 2.81 N. D. 2.79 
S11 638 31.82 11035 16.25 1.79 5.09 2.26 
S12 1599 19.91 2754 6.93 N. D. 2.97 1.35 
S13 449 21.56 8003 9.56 1.35 3.67 1.61 
S14 753 27.76 12965 15.11 1.73 4.97 2.25 
S15 653 35.67 10558 15.29 N. D. 5.79 2.49 
S16 1613 41.70 11071 17.80 2.39 7.14 3.43 
S17 1667 -47.93 23606 18.70 2.57 7.49 2.93 
S18 1682 68.46 17531 19.95 3.11 12.15 4.88 
S19 3170 38.76 20742 15.05 2.12 4.94 2.32 
S20 2744 41.69 ' 24131 19.56 2.54 6.31 2.88 
S21 1520 40.14 . 21202 17.63 2.02 5.74 2.48 
S22 1387 45.50 34005 18.23 3.08 7.76 3.22 
533 
RUN 801-Long life 
Sc Co Rb Cs Ce Hf Ta Pa Cr Fe Eu Tb 
Si 15.70 5.5 119.8 6.1 87.9 4.1 1.0 9.2 107.4 72713 0.9 0.4 
S2 17.76 7.8 61.1 9.9 93.5 4.5 0.6 10.5 85.7 29338 1.9 0.9 
S3 15.58 17.1 70.7 9.7 111.4 5.7 0.7 8.3 108.3 46999 1.6 0.8 
S4 16.23 18.9 146.8 7.3 129.5 7.2 0.8 11.2 104.4 48631 1.8 0.9 
S5 12.96 5.8 54.1 8.7 57.6 3.7 -0.6 7.1 79.0 34144 1.1 0.6 
S6 19.41 10.0 69.9 4.4 64.2 10.2 1.9 12.9 161.9 38637 1.4 0.6 
S7 14.37 8.3 61.3 9.2 37.1 3.4 0.8 8.5 96.6 37840 0.6 0.3 
S8 20.73 21.4 170.6 8.8 116.2 4.6 1.1 9.4 124.2 49749 2.0 0.9 
S9 10.12 3.4 54.6 7.3 37.5 3.2 0.4 7.8 76.3 22071 0.5 0.3 
S10 20.72 9.6 137.3 10.5 132.8 9.5 1.7 10.7 144.5 68325 1.5 0.8 
S11 15.34 7.5 71.2 6.7 50.7 4.3 0.7 9.3 113.2 35675 1.0 0.6 
S12 5.33 3.2 N. D. 2.6 106.2 7.1 N. D. 7.7 73.3 11368 0.6 N. D. 
S13 11.50 5.2 58.1 8.2 70.9 3.3 0.5 5.1 77.2 26654 0.7 0.4 
S14 17.36 10.0 96.0 8.6 87.6 5.7 0.8 7.7 111.7 35131 1.2 0.7 
S15 14.82 5.6 45.9 7.7 92.7 4.3 0.4 7.6 102.5 23175 1.0 0.5 
S16 19.38 17.2 64.0 5.8 116.3 11.1 1.8 12.7 151.9 22630 1.6 1.0 
S17 19.06 29.0 71.6 9.3 130.6 4.5 1.1 12.0 109.7 41777 1.7 0.8 
S18 20.48 21.2 83.8 6.0 197.6 10.8 1.6 7.7 167.8 19524 3.1 1.4 
S19 15.60 6.7 95.1 9.0 104.1 4.8 1.0 9.4 99.3 41911 1.2 0.6 
S20 20.41 11.6 137.2 11.2 111.5 7.0 1.8 12.3 115.3 43563 1.5 0.7 
S21 18.22 8.9 103.2 8.7 95.3 6.0 1.5 11.1 105.1 40767 1.2 0.7 
S22 19.60 17.6 132.4 12.7 135.9 7.2 1.0 11.0 119.7 67762 1.9 1.1 
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RUN 802-Short life 
Na La K Sc Np Sm Yb 
Ti 4786 28.0 22076 15.53 2.24 4.96 2.03 
T2 5288 30.8 24232 17.02 3.02 5.58 2.44 
T3 4960 28.7 18859 15.65 N. D. 5.09 2.28 
T4 5757 33.7 29019 17.90 3.06 5.88 2.46 
T5 2302 45.2 10481 14.52 3.82 '6.22 2.73 
T6 1727 55.8 19886 20.82 2.90 12.13 4.39 
T7 1941 36.3 14583 17.05 3.04 5.02 2.62 
T8 1540 31.4 20017 13.46 2.18 4.45 2.18 
T9 2598 46.5 29791 18.49 2.93 7.78 3.28 
T10 2093 41.5 24111 18.03 1.68 7.27 2.79 
T11 1944 44.5 29923 17.98 2.87 6.88 2.60 
T12 5557 51.8 39567 20.35 3.18 8.27 3.42 
T13 4446 '49.5 37385 19.95 3.06- 7.75 3.38 
T14 1879 56.2 37704 20.45 3.32 8.00 3.16 
T15 4962 45.8 40296 17.36 2.73 7.13 2.96 
T16 3266 45.1 24552 14.58 N. D. 7.40 2.61 
T17 5448 45.6 43267 17.80 2.92 7.49 3.34 
T18 1618 54.0 22141 20.77 3.21 8.05 3.25 
T19 1853 55.7 27190 22.87 6.96 5.89 2.94 
T20 4799 38.3 30870 25.63 2.22 6.56 3.28 
T21 4759 37.7 37534 24.96 2.33 6.49 2.96 
T22 1554 46.6 37137 19.21 3.81 7.33 3.23 
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RUN 802-Long life 
Sc Co Rb Cs Ce Hf Ta Pa Cr Fe Eu Tb 
Ti 22.65 26.8 73.3 4.9 49.5 7.1 1.1 8.1 223.0 67958 2.3 1.0 
T2 24.29 30.7 65.4 4.3 70.3 8.3 1.2 10.6 211.0 76403 2.5 1.2 
T3 22.47 28.1 49.3 4.3 65.6 7.6 1.3 9.9 206.0 70317 2.1 0.9 
T4 23.63 26.3 79.9 5.2 78.5 8.8 1.1 10.2 235.0 68738 2.5 1.5 
T5 14.17 8.7 52.5 5.6 50.5 9.4 0.7 12.6 104.0 31001 1.4 0.7 
T6 20.81 12.6 31.8 5.6 99.0 4.6 1.1 14.0 133.0 30303 3.5 1.6 
T7 15.83 11.2 67.1 4.6 63.3 7.5 1.1 11.2 114.0 41798 1.3 0.7 
T8 12.89 7.7 93.1 5.5 55.1 6.9 1.1 9.4 88.0 38783 1.0 0.6 
T9 17.81 25.9 151.1 7.5 78.3 6.0 0.8 13.2 97.0 57819 2.0 0.9 
T10 17.91 20.4 138.1 7.6 75.4 6.3 0.7 10.1 109.0 38359 1.9 1.0 
T11 16.99 17.7 76.2 5.8 73.6 5.5 0.7 11.6 113.0 48757 1.5 0.8 
T12 19.29 23.8 132.9 13.1 92.5 7.0 1.0 12.3 128.0 60025 2.2 0.9 
T13 19.49 20.3 230.4 13.5 88.3 7.7 1.0 11.7 129.0 57005 1.9 0.9 
T14 20.40 19.2 189.7 12.6 100.6 7.5 0.9 13.2 142.0 67189 2.2 1.0 
T15 16.96 19.3 161.1 11.4 57.9 6.2 0.8 10.3 121.0 51824 1.7 1.0 
T16 14.05 12.9 38.2 6.0 78.9 8.3 0.7 10.3 97.0 55954 1.8 0.9 
T17 17.18 19.9 169.1 11.3 72.2 6.4 0.9 10.8 124.0 57261 2.0 0.9 
T18 20.45 22.8 N. D. 8.9 90.2 3.8 0.8 13.4 116.0 47634 2.2 0.9 
T19 22.86 5.7 134.9 12.8 95.7 4.1 0.8 14.5 124.0 45515 1.5 0.8 
T20 24.40 44.1 229.5 15.8 62.0 4.2 0.7 7.5 471.0 69049 1.4 0.8 
T21 24.42 44.2 . 222.1 15.0 64.3 4.1 0.7 7.8 459.0 69327 1.4 1.1 
T22 19.10 18.0 165.3 11.9 87.7 7.1 0.8 12.2` 115.0 70767 1.9 1.0 
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RUN 803-Short life 
Na La K Sc Np Sm Yb 
U1 4466 45.64 28536 17.63 2.80 7.30 N. D. 
U2 2900 39.30 31721 14.06 1.95 6.68 N. D. 
U3 1852 29.09 17167 14.57 1.13 5.24 N. D. 
U4 2350 32.48 18175 16.32 1.22 5.87 N. D. 
U5 2590 32.56 19728 16.38 1.70 4.54 N. D. 
U6 4898 45.06 31768 17.31 2.58 6.96 N. D. 
U7 4311 47.41 31570 19.11 2.97 7.28 N. D. 
U8 2127 36.63 48165 19.56 1.73 6.06 N. D. 
U9 2420 42.81 22431 19.34 1.79 7.56 N. D. 
U10 1215 -19.98 11722 9.61 0.83 3.57 N. D. 
Ull 5243 47.82 32452 18.75 2.01 7.60 N. D. 
U12 3053 40.49 24648 19.43 1.57 6.81 N. D. 
U13 5019 43.82 31690- 17.40 2.45 6.85 N. D. 
U14 1725 50.70 27298 19.09 2.96 7.32 N. D. 
U15 675 23.33 12449 11.28 1.33 2.45 N. D. 
U16 2698 42.33 26523 16.48 "2.75 6.40 N. D. 
U17 2933 41.64 27797 16.91 2.66 6.47 N. D. 
U18 2901 '40.21 27712 16.16 2.69 5.54 N. D. 
U19 2096 38.84 27235 16.01 2.42 5.25 N. D. 
U20 1642 56.96 31300 
. 
22.27 3.51 8.54 N. D. 
U21 2084 41.63 19966 18.91 2.16 6.66 N. D. 
U22 1396 46.71 34098 18.65 3.53 7.20 N. D. 
537 I 
RUN 803-Long life 
Sc Co Rb Cs Ce Hf Ta Pa Cr Fe Eu Tb 
U1 17.88 20.0 139.7 12.0 59.1 6.7 0.9 11.3 105.1 55148 1.9 0.9 
U2 14.80 17.4 121.4 10.0 62.7 9.2 0.8 12.9 88.6 46726 1.7 0.9 
U3 15.36 21.3 N. D. 5.2 78.5 5.7 0.7 8.0 86.5 42306 1.5 0.7 
U4 16.29 19.1 69.1 6.9 51.4 6.0 0.6 8.1 95.2 50192 1.6 0.7 
U5 16.89 12.3 78.3 6.7 44.5 8.5 0.7 8.5 105.1 46817 1.2 0.6 
U6 17.95 20.4 94.8 13.8 64.6 6.3 0.7 11.0 106.5 54032 2.0 1.0 
U7 18.95 16.5 104.8 15.0 67.1 5.3 0.9 11.6 104.7 53782 2.0 1.0 
U8 19.23 21.2 125.9 13.5 54.9 5.5 0.7 10.1 117.8 54748 1.5 0.8 
U9 19.07 16.3 85.8 6.6 58.7 7.2 0.9 9.6 115.9 56070 2.1 0.9 
U10 16.39 18.4 72.0 6.7 46.4 6.1 0.7 8.4 100.1 47433 1.8 0.9 
U11 16.89 16.6 76.9 11.6 64.4 5.8 0.6 10.2 105.1 52266 2.0 0.8 
U12 14.99 13.4 50.8 7.9 47.5 5.9 0.5 8.2 92.6 39864 1.3 0.6 
U13 15.70 16.7 101.1 11.0 60.4 5.5 0.6 8.2 93.4 51147 1.8 0.9 
U14 18.34 19.8 108.1 8.4 62.5 4.2 0.6 10.8 88.5 51742 2.0 0.9 
U15 10.02 3.5 60.9 8.9 24.1 3.3 0.5 5.9 58.5 26830 0.5 0.3 
U16 15.46 18.4 88.4 6.9 57.8 5.8 0.7 10.6 86.7 50458 1.7 0.8 
U17 15.85 18.0 80.0 7.6 53.7 4.4 0.7 10.2 82.7 47754 1.8 0.8 
U18 14.27 9.9 109.6 8.3 55.9 6.1 0.6 10.6 77.1 44877 1.6 0.7 
U19 13.67 13.5 69.4 10.7 50.2 5.1 0.8 9.5 84.5 45324 1.3 0.7 
U20 19.69 23.6 88.8 9.7 76.3 3.8 0.9 8.9 104.9 52082 2.2 1.0 
U21 17.37 18.3 76.4 6.4 62.1 4.0 0.7 5.9 90.3 46897 2.0 0.8 
U22 17.86 16.6 110.5 12.9 78.0 5.9 0.8 7.3 106.7 67029 2.0 1.1 
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RUN 804-Short life 
Na La K Sc Np Sm Yb 
W1 2500 39.33 24636 17.35 2.18 7.15 3.24 
W2 4873 49.78 38135 20.84 2.68 7.98 3.24 
W3 708 21.36 11404 11.63 1.52 2.89 1.56 
W4 1930 37.22 21911 19.22 N. D. 6.33 2.75 
W5 957 28.21 6765 12.93 1.40 4.32 1.93 
W6 2481 36.47 19878 18.17 2.25 5.14 2.54 
W7 795 21.33 10383 10.66 1.43 2.50 1.46 
W8 3703 50.32 27039 20.94 2.95 8.14 3.12 
W9 798 25.89 13274 12.71 N. D. 3.91 1.74 
W10 2729 44.88' 33610 18.49 2.82 7.24 2.97 
W11 2714 36.46 19188 17.32 2.47 5.63 2.84 
W12 1484 50.87 22948 19.61 3.12 5.02 2.53 
W13 4391 48.90 31136 19.61 3.10 . 7.67. 3.33 
W14 968 25.79 15093 12.17 1.65 3.72 1.73 
W15 1328 26.07. 11284 12.59 1.81 3.33 1.40 
W16 4770 51.91 37366 20.00 3.76 8.40 3.53 
W17 2268 35.83 23571 18.28 2.07 5.50 2.54 
W18 4662 50.30 25646 19.75 2.97 7.88 3.68 
W19 779 25.74 10190 11.84 1.48 3.34 1.54 
W20 998 29.79 13903 14.85 1.42 4.70 1.48 
W21 4198 53.62 39447 22.25 2.77 8.21 3.85 
W22 1477 44.52 41681 18.18 3.99 7.38 2.88 
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RUN 804-Long life 
Sc Co Rb Cs Ce Hf Ta Pa Cr Fe Eu Tb 
W1 19.01 14.1 58.8 8.0 62.2 6.9 0.6 8.8 129.0 38891 1.8 0.9 
W2 22.62 30.0 127.1 13.4 101.4 5.0 0.9 11.8 133.0 60919 1.9 1.0 
W3 12.94 4.4 64.2 8.3 33.8 5.0 0.5 6.7 70.0 20855 0.6 0.4 
W4 20.76 17.9 84.0 6.1 79.2 6.1 0.8 9.3 106.5 52602 1.9 1.0 
W5 14.09 7.9 56.5 6.4 44.0 3.8 0.6 6.9 79.2 22996 1.1 0.5 
W6 19.44 11.5 54.0 5.7 70.2 9.9 1.0 8.8 120.5 47213 1.4 0.6 
W7 11.45 4.8 65.6 8.3 28.8 3.7 0.6 6.1 66.6 24618 0.5 0.3 
W8 22.59 25.5 81.3 10.1 103.0 6.1 1.0 13.0 126.4 61945 2.2 1.2 
W9 12.63 8.2 65.5 8.1 36.5 4.9 0.7 7.8 81.0 33821 0.9 0.4 
W10 20.01 21.9 101.9 7.2 90.2 5.7 1.0 12.0 108.9 57713 2.1 1.0 
W11 18.54 12.1 77.3 6.2 56.2 9.1 0.8 8.9 122.0 39971 1.7 0.8 
W12 20.79 5.5 73.5 7.9 83.2 6.0 1.1 14.2 128.7 35791 1.1 0.5 
W13 20.65 22.2 103.0 10.4 100.2 6.5 1.1 . 11.9 119.6 55236 2.1 1.0 
W14 12.97 10.5 69.3 7.5 42.0 3.5 0.7 6.1 78.0 38166 0.8 0.5 
W15 13.40 8.4 59.4 10.7 41.8 3.5 0.6 7.8 77.6 28351 0.8 0.4 
W16 21.63 24.6 102.6 11.2 91.1 8.0 1.3 13.2 133.8 63950 2.6 1.3 
W17 20.00 14.3 76.3 8.6 67.4 7.4 0.8 9.5 107.9 49179 1.5 0.7 
W18 22.28 23.6 99.6 11.8 95.2 7.3 1.1 13.1 130.1 60582 2.2 1.0 
W19 11.62 9.6 59.5 11.5 29.6 4.0 0.8 7.3 81.1 26211 0.7 0.4 
W20 14.94 5.6 76.2 8.5 57.5 4.0 0.9 7.6 128.1 31391 1.1 0.5 
W21 23.03 26.2 143.3 16.4 118.6 5.1 1.1 13.0 137.6 64528 2.3 1.1 
W22 18.95 17.5 107.4 13.2 89.3 6.8 1.1 11.7 124.6 65877 2.0 1.1 
540 
RUN 812-Short life 
Na La K Sc Np Sm Yb 
X1 928 44.77 22345 18.80 3.56 7.16 3.06 
X2 764 20.12 9751 16.03 2.53 2.56 1.92 
X3 1863 31.79 10338 15.44 2.16 5.01 2.81 
X4 1245 32.65 11935 18.55 2.27 4.10 2.37 
X5 1523 40.12 10012 17.03 2.25 6.71 3.02 
X6 1409 44.74 11080 17.21 2.27 7.64 3.26 
X7 1814 38.35 9770 17.23 2.26 6.96 3.26 
X8 1177 29.86 6228 15.54 2.13 5.40 2.59 
X9 770 39.43 5499 13.46 2.21 6.48 3.08 
X10 964 48.22 6932 16.17 2.45 7.73 3.66 
X11 1541 41.25 12613 15.79 2.51 6.82 3.35 
X12 1870 64.02 10677 18.22 2.45 12.00 3.63 
X13 1333 32.17 15952 12.73 1.46 4.34 1.92 
X14 1186 27.91 14282 12.66 1.37 4.38 1.74 
X15 1447 33.63 13359 19.71 2.51 3.88 2.19 
X16 2486 36.13 22069 14.80 2.52 5.42 2.90 
X17 2639 30.31 16133 15.81 2.45 3.96 2.61 
X18 1277 37.79 19615 13.44 2.93 6.13 2.88 
X19 1637 45.62 19125 14.39 2.46 7.18 3.44 
X20 916 24.76 11274 21.64 2.18 4.36 2.53 
541 
Na La K Sc Np Sm Yb 
X21 1696 50.85 24135 16.39 3.34 7.73 3.67 
X23 1112 38.60 27537 15.38 2.83 6.39 2.58 
X24 969 43.19 11900 18.40 1.57 5.22 2.68 
X25 2036 48.01 27855 16.75 3.62 7.41 3.60 
Z1 1214 80.25 8254 26.20 4.40 13.6 5.50 
Z2 1109 68.53 7523 22.58 4.12 11.4 4.66 
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RUN 812-Long life 
Sc Co Rb Cs Ce Hf Ta Pa Cr Fe Eu Tb 
X1 17.59 13.4 85.8 12.9 85.4 5.0 0.9 8.3 118.2 55353 1.7 0.9 
X2 16.74 7.6 N. D. 4.6 N. D. 9.6 1.3 13.8 139.3 116337 0.8 0.6 
X3 14.87 6.6 N. D. 5.5 13.0 8.2 1.2 6.0 113.8 26240 1.2 0.6 
X4 18.04 9.2 70.1 4.6 70.6 7.3 1.3 10.4 119.8 93257 1.1 0.6 
X5 16.51 14.2 N. D. 6.0 62.7 8.3 1.5 11.1 132.0 19204 1.8 1.0 
X6 17.05 13.3 N. D. 5.9 91.2 9.1 1.2 11.6 133.1 16364 2.1 1.0 
X7 16.93 14.0 N. D. 6.0 81.1 8.2 1.3 11.4 144.6 20667 1.8 0.9 
X8 14.46 10.1 N. D. 4.9 54.1 6.6 1.1 9.3 111.8 16878 1.4 0.7 
X9 13.03 5.2 N. D. 4.6 82.7 8.8 1.2 10.5 99.1 9704 1.7 0.8 
X10 15.67 5.9 N. D. 4.7 105.4 11.8 1.3 12.7 117.1 11063 2.0 0.9 
X11 14.87 12.6 48.0 6.1 95.8 11.5 1.3 10.7 122.2 28747 1.8 0.8 
X12 17.62 16.6 N. D. 5.4 145.4 8.7 1.3 12.1 122.6 14849 3.2 1.4 
X13 12.12 10.7 68.0 5.5 72.7 4.4 1.2 9.3 71.0 27575 1.0 0.5 
X14 12.06 12.3 74.6 7.6 53.5 3.6 0.6 8.4 75.0 26744 1.1 0.5 
X15 20.31 11.3 74.8 6.5 68.2 9.2 1.4 12.5 128.2 99321 1.0 0.6 
X16 15.09 8.3 71.5 7.3 46.4 12.5 1.3 11.8 139.9 30906 1.4 0.8 
X17 15.83 8.9 N. D. 4.6 46.1 11.6 1.6 10.6 138.7 75451 1.1 0.5 
X18 13.71 5.8 89.4 5.5 72.5 10.5 1.2 13.2 127.1 49444 1.7 0.8 
X19 15.04 7.2 97.9 5.2 94.6 13.5 1.1 18.7 163.3 N. D. 2.1 0.8 
X20 22.17 9.8 60.3 5.9 25.4 6.3 1.3 15.2 135.0 87328 1.6 0.6 
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Sc Co Rb Cs Ce Hf Ta Pa Cr Fe Eu Tb 
X21 16.97 6.9 97.6 6.5 87.1 14.3 1.5 17.0 141.4 57893 2.0 1.1 
X23 15.75 14.8 105.8 11.1 70.1 6.1 0.9 10.3 106.5 55846 1.8 0.8 
X24 18.36 6.5 109.6 8.1 76.7 5.3 1.0 12.7 129.4 72106 1.3 0.7 
X25 17.59 9.9 98.0 9.4 90.5 14.3 1.3 17.4 137.7 64610 1.8 1.0 
Z1 26.88 7.0 N. D. 7.6 151.3 15.5 2.7 27.3 153.5 16430 3.8 1.7 
Z2 23.48 6.3 N. D. 6.5 154.8 13.9 2.3 23.8 134.1 14727 3.2 1.4 
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RUN 813-Short life 
Na La K Sc Np Sm Yb 
Y1 2872 53.51 26989 22.13 3.02 8.69 2.91 
Y2 4524 53.86 36017 21.82 3.24 8.98 3.07 
Y3 3873 45.37 27766 17.27 2.96 7.62 2.74 
Y4 2145 34.67 39114 18.37 2.15 5.84 2.21 
Y5 1081 32.78 23988 16.35 2.54 4.64 2.39 
Y6 1701 41.99 31226 15.44 2.45 7.28 2.56 
Y7 Machine fault-no data recorded 
Y8 698 30.91 8984 11.99 1.43 4.45 1.67 
Y9 611 26.71 11258 12.90 1.59 2.95 1.26 
Y10 624 27.14 11598 12.73 1.87 3.82 1.38 
Yll 540 24.77 13744 13.39 1.69 2.78 1.50 
Y12 928 38.10 10284 13.21 1.27 5.93 1.41 
Y13 2111 33.78 15526 15.84 2.38 6.68 2.86 
Y14 996 33.31 17706 16.90 2.07 4.64 1.99 
Y15 717 24.07 10028 13.46 1.62 2.72 1.43 
Y16 2542 34.85 48175 18.64 2.33 5.58 2.32 
Y17 3720 47.27 41464 17.71 3.07 7.83 3.07 
Y18 1729 38.76 16857 14.57 2.43 5.52 2.25 
Y19 2108 34.78 N. D. 13.09 1.69 5.30 1.91 
Y20 2334 56.47 20942 18.52 3.20 9.06 3.21 
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Na La K Sc Np Sm Yb 
Y21 2245 41.63 23743 16.01 2.10 5.96 2.23 
Y22 1421 43.11 29456 17.43 3.63 6.92 2.47 
Y24 2164 51.53 22046 18.83 2.63 7.44 2.45 
Y25 1884 46.32 N. D. 20.09 3.32 6.26 3.38 
Z3 2337 58.33 33266 22.97 3.55 8.80 3.19 
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RUN 813-Long life 
Sc Co Rb Cs Ce Hf Ta Pa Cr Fe Eu Tb 
Y1 21.91 24.3 66.1 8.4 125.4 6.1 1.3 14.5 141.1 64633 2.2 1.3 
Y2 22.51 39.3 123.0 13.9 160.1 6.9 1.4 15.4 158.4 68755 2.2 1.3 
Y3 18.17 17.2 89.0 8.7 105.9 9.5 1.0 13.7 124.0 N. D. 2.2 1.3 
Y4 18.11 18.3 100.0 8.8 100.2 5.4 1.0 10.8 120.2 52640 1.5 0.7 
Y5 16.20 12.8 101.0 6.2 79.5 10.3 1.7 13.6 115.7 44263 1.2 0.8 
Y6 15.23 18.7 132.5 10.5 103.0 5.4 1.0 12.4 88.8 51622 1.8 1.3 
Y7 Machine fault-no data recorded 
Y8 12.29 7.7 46.0 7.7 62.9 5.0 1.0 9.5 81.3 26406 1.1 0.6 
Y9 12.77 4.9 72.2 7.8 45.6 3.4 0.8 8.4 84.8 23359 0.8 0.5 
Y10 13.09 6.5 51.0 9.4 71.6 5.1 0.7 10.7 86.1 34206 0.9 0.5 
Y11 13.85 5.8 77.2 11.4 44.7 5.1 0.8 8.8 83.6 31966 0.6 0.5 
Y12 12.81 7.2 57.1 7.0 99.7 3.3 0.7 7.7 79.2 N. D. 1.4 0.7 
Y13 16.27 13.8 67.6 7.0 116.4 8.6 0.9 8.3 121.9 44249 1.9 1.1 
Y14 15.93 11.9 113.9 14.1 61.5 4.8 1.1 10.9 104.1 35263 1.1 0.5 
Y15 14.25 6.0 33.7 9.0 44.2 6.0 0.8 8.1 87.9 30075 0.6 0.4 
Y16 17.88 15.2 79.3 12.3 56.5 5.5 0.8 11.5 110.5 52579 1.3 0.8 
Y17 18.12 20.6 131.0 10.1 93.1 10.3 1.1 14.6 107.8 53522 2.0 1.2 
Y18 14.99 14.2 64.6 6.8 141.6 7.5 1.8 12.4 104.9 49344 1.3 0.9 
Y19 13.09 15.1 83.3 6.7 69.7 9.8 1.3 10.4 83.4 47588 1.3 0.8 
Y20 18.82 16.2 98.5 8.0 102.4 9.7 1.6 12.8 121.4 65157 2.2 1.9 
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Sc Co Rb Cs Ce Hf Ta Pa Cr Fe Eu Tb 
Y21 16.94 11.5 52.7 6.2 70.4 5.3 0.9 10.2 106.7 43830 1.7 1.0 
Y22 18.26 16.7 117.2 13.0 98.6 7.0 1.1 9.4 112.4 64441 1.8 1.1 
Y24 19.35 27.5 71.1 12.6 78.3 5.0 1.4 14.2 125.3 52266 2.0 1.3 
Y25 20.16 10.7 73.2 8.5 80.2 14.2 1.7 20.9 157.3 58092 1.5 1.1 
Z3 23.77 31.7 168.4 14.9 126.5 5.9 1.2 19.8 135.3 67592 2.5 1.4 
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APPENDIX 3. 
Elemental concentrations of samples 'normalised' by Scandium. 
Run 755. 
La Co Rb Cs Ce 
, 
Hf Pa Cr Fe Eu Tb 
Al 2.33 1.09 9.80 . 560 3.66 . 390 . 680 6.34 2671. . 074 . 050 
A2 2.29 . 72 10.60 . 520 3.54 . 360 . 680 6.10 2563. . 076 . 060 
A3 3.45 . 78 7.80 . 360 7.56 . 510 . 910 9.38 
3288. . 096 . 070 
A4 3.64 . 69 7.20 . 540 8.98 . 
590 1.0008.41 3318. . 109 . 070 
A5 2.23 . 67 7.90 . 610 
3.40 . 430 . 630 5.99 2628. . 079 . 060 
A6 2.16 . 68 10.60 . 530 
3.49 . 390 . 680 5.99 2710. . 075 . 050 
A7 2.24 . 82 8.60 . 560 3.77 . 400 . 610 5.94 2604. . 071 . 050 
A8 2.32 . 73 9.70 . 520 3.70 . 370 . 580 6.12 2586. . 085 . 050 
A9 2.31 . 63 7.60 . 500 4.26 . 430 . 630 6.69 2845. . 092 . 070 
A10 2.34 . 70 7.70 . 510 3.97 . 410 . 660 7.04 2552. . 078 . 050 
All 2.34 1.70 7.60 . 350 4.77 . 400 . 750 6.22 2803. . 071 . 050 
A12 2.17 1.28 7.10 . 380 4.86 . 460 . 770 5.86 2797. . 085 . 050 
A13 2.23 1.02 10.10 . 520 2.65 . 450 . 710 6.33 2767. . 070 . 070 
A14 2.02 . 92 7.10 . 590 3.37 . 420 . 680 6.47 2850. . 078 . 060 
A15 2.25 . 72 9.20 . 520 3.45 . 400 . 720 6.48 2181. . 080 . 060 
A16 2.21 . 70 9.10 . 550 3.40 . 420 . 670 6.24 2043. . 071 . 050 
All . 00 . 58 10.30 . 600 3.35 . 440 . 600 6.19 2771. . 065 . 040 
A18 2.14 . 53 11.10 . 580 3.09 . 370 . 590 6.93 2880. . 066 . 050 
A19 2.16 . 68 10.20 . 560 3.07 . 360 . 750 5.75 2127. . 070 . 050 
A20 2.16 . 68 10.20 . 560 2.99 . 310 . 660 5.87 1936. . 066 . 040 
A21 2.34 1.02 9.10 . 640 3.16 . 340 . 580 6.29 3524. . 101 . 070 
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Run 760. 
La Co Rb Cs Ce Hf Pa Cr Fe Eu Tb 
Cl 2.10 . 68 7.81 . 000 3.41 . 313 . 639 6.10 1836. . 077 . 040 
C2 2.20 . 52 4.85 . 558 3.43 . 446 . 723 6.86 2989. . 072 . 033 
C3 2.04 . 57 7.40 . 607 3.35 . 363 . 675 5.91 1986. . 081 . 040 
C4 1.97 . 59 10.19 . 506 2.85 . 376 . 663 5.98 2450. . 073 . 039 
C5 1.79 . 98 8.68 . 522 2.76 . 417 . 473 6.07 3032. . 046 . 033 
C6 2.33 . 68 8.61 . 502 3.80 . 337 . 533 7.10 2587. . 071 . 035 
C7 2.41 1.52 7.80 . 566 4.23 . 293 . 543 6.36 2405. . 090 . 049 
C8 2.52 1.73 . 00 . 408 
4.34 . 380 . 617 6.81 4299. . 087 . 043 
C9 2.36 . 72" 5.87 . 518 3.42 . 287 . 575 6.01 2766. . 075 . 035 
C10 2.47 1.24 9.93 . 617 4.19 . 357 . 581 6.41 3941. . 088 . 050 
C11 2.49 . 90 4.36 . 496 3.98 . 562 . 000 6.43 3031. . 088 . 040 
C12 2.51 . 59 7.28 . 567 3.85 . 376 . 581 7.40 2407. . 063 . 026 
C13 2.35 . 67 6.88 . 446 3.62 . 353 . 642 6.06 2635. . 082 . 043 
C14 2.27 . 57 5.87 . 508 3.53 . 376 . 569 5.96 0. . 085 . 038 
C15 2.39 . 87 7.50 . 591 4.10 . 334 . 615 5.63 2530. . 086 . 047 
C16 2.52 1.18 . 00 . 609 4.49 . 312 . 648 6.11 2952. . 104 . 062 
C17 2.74 . 71 7.76 . 518 4.09 . 358 . 652 6.11 3001. . 090 . 049 
C18 2.81 . 76 7.81 . 477 4.50 . 212 . 605 6.82 2392. . 114 . 047 
C19 2.65 . 48 7.10 . 609 4.38 . 351 . 620 6.30 2568. . 083 . 038 
C20 2.41 1.07 8.15 . 542 4.41 . 428 . 682 5.85 2955. . 087 . 041 
C21 2.50 1.19 10.03 . 541 4.18 . 353 . 644 6.36 3659. . 086 . 037 
C23 2.44 . 90 8.36 . 616 3.93 . 368 . 499 6.49 3548. . 110 . 054 
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Run 761. 
La Co Rb Cs Ce Hf Pa Cr Fe Eu Tb 
D1 2.38 1.42 5.97 . 481 4.46 . 524 . 796 5.93 2747. . 084 . 038 
D2 2.32 . 63 10.22 . 519 3.43 . 445 . 769 5.36 3059. . 073 . 036 
D3 2.34 . 52 7.06 . 592 3.70 . 433 . 701 5.32 2413. . 080 . 033 
D4 2.60 . 75 8.10 . 505 3.80 . 438 . 712 6.03 2903. . 097 . 038 
D5 2.93 . 81 9.17 . 396 5.07 . 434 . 903 5.30 
3779. . 103 . 048 
D6 2.37 . 71 7.55 . 522 3.81 . 319 . 745 5.22 
2859. . 082 . 045 
D7 2.31 1.18 8.30 . 545 3.81 . 406 . 792 5.27 2935. . 087 . 047 
D8 2.66 1.17 4.05 . 547 3.97 . 000 . 754 5.70 2856. . 107 . 043 
D9 2.82 1.12 6.39 . 656 4.47 . 443 . 793 6.00 2591. . 103 . 041 
D10 2.85 1.09 5.78 . 526 4.35 . 430 . 789 5.97 2751. . 105 . 054 
D11 2.80 1.16 5.58 . 656 4.27 . 358 . 799 5.66 2693. . 106 . 050 
D12 2.79 1.21 5.55 . 616 4.40 . 374 . 787 6.08 2653. . 104 . 045 
D13 2.75 1.17 7.14 . 724 4.36 . 339 . 808 5.52 2670. . 107 . 051 
D14 2.39 1.52 6.76 . 513 4.29 . 682 . 795 6.50 1761. . 119 . 049 
D15 2.88 1.09 . 00 . 563 4.27 . 353 . 718 5.66 2770. . 126 . 061 
D16 2.78 1.14 7.65 . 664 4.45 . 368 . 798 5.85 2661. . 117 . 044 
D17 3.00 1.20 . 00 . 601 4.67 . 460 . 802 5.93 2844. . 130 . 057 
D18 3.05 1.13 6.51 . 655 3.89 . 465 . 783 5.83 2719. . 127 . 050 
D19 2.79 1.12 8.37 . 661 4.45 . 469 . 749 5.78 2713. . 106 . 049 
D20 2.90 1.03 3.35 . 548 4.26 . 380 . 781 5.71 2566. . 116 . 049 
D21 2.50 . 91 6.16 . 695 3.97 . 397 . 000 5.26 3502. . 102 . 056 
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Run 762. 
La Co Rb Cs Ce Hf Pa Cr Fe Eu Tb 
El 2.82 1.21 7.69 . 581 4.25 . 336 . 819 6.66 2632. . 100 . 052 
E2 2.76 1.18 . 00 . 613 4.03 . 327 . 768 6.60 2659. . 096 . 056 
E3 2.99 1.12 6.45 . 490 4.30 . 351 . 771 7.02 2758. . 113 . 054 
E4 2.76 1.02 4.12 . 487 3.82 . 334 . 697 6.16 2580. All . 062 
E5 2.73 1.22 6.35 . 579 4.03 . 393 . 764 6.73 2695. . 094 . 047 
E6 2.72 1.16 . 00 . 584 3.93 . 000 . 
734 6.30 2575. . 104 . 053 
E7 2.73 1.18 7.17 . 563 4.07 . 253 . 712 6.76 2584. . 107 . 048 
E8 2.72 1.18 7.94 . 523 3.98 . 255 . 723 6.37 2621. . 107 . 052 
E9 2.82 . 35 . 00 . 331 3.90 . 683 . 748 7.78 2373. . 094 . 055 
E10 2.34 . 45 4.77 . 375 3.66 . 000 . 694 6.75 1926. . 099 . 055 
E11 2.24 . 55 3.09 . 364 3.88 . 486 . 691 8.13 1433. . 104 . 051 
E12 2.71 . 23 . 00 . 276 4.22 . 623 . 729 6.55 1020. . 143 . 072 
E13 2.90 . 31 4.23 . 368 4.23 . 330 . 586 5.93 935. . 104 . 053 
E14 2.16 . 51 4.69 . 369 3.14 . 230 . 729 7.90 996. . 077 . 041 
E15 2.31 . 28 4.18 . 389 3.14 . 454 . 675 7.32 877. . 080 . 045 
E16 2.82 . 51 4.30 . 389 4.03 . 644 . 822 7.18 866. . 122 . 073 
E17 3.43 . 65 3.24 . 395 5.53 . 458 . 808 6.79 768. . 164 . 084 
E18 2.81 . 46 4.00 . 372 4.28 . 445 . 683 6.35 775. . 120 . 057 
E19 2.75 . 66 3.22 . 000 4.39 . 512 . 820 7.40 892. . 123 . 072 
E20 2.84 . 87 3.79 . 000 4.69 . 446 . 705 6.59 874. . 132 . 068 
E21 2.53 . 91 9.28 . 663 3.64 . 353 . 668 5.99 3477. . 103 . 048 
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Run 766. 
La Co Rb Cs Ce Hf Pa Cr Fe Eu Tb 
Fl 2.71 . 63 3.68 . 327 4.06 . 448 . 623 7.43 1847. . 132 . 053 
F2 1.88 . 26 5.73 . 421 2.50 . 815 . 571 8.79 1065. . 051 . 028 
F3 1.86 . 49 3.98 . 382 2.68 . 486 . 696 8.89 1421. . 097 . 049 
F4 3.44 1.27 2.36 . 351 5.84 . 458 . 658 7.69 1058. . 170 . 069 
F5 2.05 . 31 3.48 . 325 2.91 . 477 . 553 8.09 1851. . 093 . 037 
F6 2.66 . 69 3.29 . 333 4.11 . 463 . 635 7.24 1871. . 125 . 051 
F7 2.11 . 54 2.95 . 374 3.04 . 536 . 797 8.61 1332. . 103 . 053 
F8 2.84 1.53 3.24 . 320 4.98 . 506 . 585 7.20 1358. . 168 . 063 
F9 2.90 . 97 2.45 . 000 5.19 . 422 . 645 6.83 923. . 178 . 061 
F10 2.77 . 83 2.45 . 309 4.52 . 465 . 739 7.59 825. . 126 . 058 
F11 2.87 . 89 2.79 . 388 5.06 . 462 . 649 7.35 909. . 145 . 066 
F12 3.24 1.23 2.38 . 396 5.54 . 349 . 602 6.45 913. . 168 . 063 
F13 2.30 . 49 2.75 . 277 3.26 . 464 . 694 8.01 1570. . 110 . 040 
F14 2.44 . 59 3.92 . 305 3.47 . 383 . 623 7.18 2205. . 118 . 054 
F15 2.12 . 36 3.57 . 378 3.13 . 598 . 663 8.03 2359. . 107 . 048 
F16 2.48 . 48 3.51 . 276 3.54 . 420 . 563 7.04 1199. . 121 . 054 
F17 2.14 . 62 2.55 . 331 3.07 . 489 . 683 7.69 1499. . 093 . 041 
F18 2.64 . 66 3.51 . 499 . 00 . 495 . 000 . 00 1425. . 115 . 052 
F19 2.63 1.21 6.50 . 517 3.50 . 257 . 713 6.57 2709. . 091 . 040 
F20 2.57 1.05 5.29 . 386 3.71 . 295 . 686 6.63 2874. . 077 . 039 
F21 2.70 . 78 5.65 . 439 3.72 . 353 . 753 6.70 3023. . 073 . 041 
F23 2.45 . 97 7.38 . 650 3.68 . 346 . 601 7.10 3517. . 115 . 052 
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Run 768. 
La Co Rb 
G1 2.17 . 56 . 00 
G2 2.71 1.48 7.45 
G3 2.53 1.06 8.38 
G4 2.67 1.14 8.10 
G5 2.68 1.71 7.42 
G6 2.73 1.17 6.20 
G7 2.55 1.17 7.32 
G8 2.61 1.21 6.45 
G9 2.78 1.27 8.76 
G10 2.40 . 94 8.30 
G11 3.05 1.20 8.88 
G12 2.56 1.20 6.82 
G13 2.66'x. 79 7.31 
G14 2.67 1.20 7.84 
G15 2.47 1.37 8.53 
G16 2.72 1.34 8.52 
G17 1.80 . 85 7.17 
G18 2.64 1.00 7.79 
G19 2.63 . 67 7.27 
G20 1.91 . 37 4.38 
G21 2.93 1.13 5.73 
G23 2.55 . 88 8.04 
Cs Ce 
. 138 . 00 
. 509 4.15 
. 565 3.70 
. 559 4.10 
. 533 4.10 
. 472 4.16 
. 377 3.71 
. 411 3.87 
. 571 4.22 
. 526 3.55 
. 574 4.57 
. 484 3.82 
. 430 3.83 
. 612 4.00 
. 545 3.56 
. 602 4.13 
. 594 2.53 
. 552 3.93 
. 509 3.91 
. 409 2.27 
. 585 4.55 
. 662 3.89 
Hf 
. 182 
. 287 
. 245 
. 278 
. 333 
. 294 
. 398 
. 297 
. 299 
. 395 
. 280 
. 362 
. 381 
. 270 
. 264 
. 275 
. 314 
. 266 
. 251 
. 312 
. 495 
. 313 
Pa Cr Fe Eu Tb 
. 616 3.26 14222 . 227 . 092 
. 777 6.32 2892. . 116 . 053 
. 723 6.04 2579. . 106 . 051 
. 734 6.08 2790. . 121 . 055 
. 767 6.54 2848. . 098 . 047 
. 734 6.35 2853. . 122 . 043 
. 804 6.45 3663. . 108 . 048 
. 763 6.58 2811. . 091 . 040 
. 746 6.44 2869. . 128 . 051 
. 818 6.55 2957. . 083 . 040 
. 899 5.98 2686. . 116 . 048 
. 815 5.29 3160. . 107 . 046 
. 833 6.26 3092. . 068 . 046 
. 747 5.53 2800. . 096 . 056 
. 730 6.05 2595. . 092 . 049 
. 757 5.89 2670. . 108 . 050 
. 732 6.37 2560. . 050 . 030 
. 798 5.39 2958. . 098 . 050 
. 767 6.30 2655. . 087 . 045 
. 719 6.24 3823. . 044 . 030 
. 780 6.33 0. . 128 . 062 
. 677 6.38 3430. . 109 . 057 
554 
Run 780. 
La Co Rb Cs Ce Hf Pa Cr Fe Eu Tb 
H1 2.92 1.22 8.23 . 744 4.54 . 248 . 761 7.04 2888. . 111 . 053 
H2 3.03 1.31 8.24 . 669 4.56 . 351 . 859 7.15 3527. . 120 . 055 
H3 2.94 1.12 4.71 . 623 4.57 . 356 . 730 6.32 2730. . 130 . 072 
H4 3.32 1.31 7.04 . 607 4.99 . 421 . 860 8.25 3381. . 124 . 065 
H5 3.03 1.34 . 00 . 529 4.80 . 341 . 778 7.07 2743. . 
126 . 060 
H6 2.81 1.39 5.41 . 678 4.42 . 247 . 737 6.89 3583. . 111 . 048 
H7 2.69 1.05 7.26 . 629 4.20 . 404 . 744 6.60 2645. . 101 . 051 
H8 2.88 1.01 8.56 . 629 4.57 . 436 . 791 7.10 2247. . 110 . 055 
H9 2.99 1.24 4.62 . 689 5.06 . 387 . 789 7.29 2423. . 136 . 065 
1110 2.95 1.25 6.92 . 613 4.84 . 538 . 780 7.01 2414. . 132 . 066 
1111 2.82 1.30 8.06 . 555 4.51 . 393 . 780 7.05 3038. . 106 . 058 
H12 2.90 1.21 7.93 . 641 3.23 . 462 . 799 6.94 2336. . 132 . 059 
H13 2.84 1.11 5.62 . 710 4.83 . 443 . 768 6.85 2642. . 128 . 056 
H14 2.98 1.36 7.05 . 610 4.69 . 476 . 760 7.02 2774. . 128 . 068 
H15 2.85 1.06 7.88 . 621 4.62 . 393 . 763 6.71 2786. . 123 . 059 
H16 2.83 1.28 2.51 . 563 4.50 . 400 . 789 6.90 3013. . 128 . 062 
H17 2.91 1.42 10.04 . 657 4.26 . 396 . 805 6.99 3684. . 120 . 055 
H18 3.10 1.48 8.84 . 670 4.83 . 358 . 773 7.79 3267. . 089 . 053 
1119 2.86 1.27 6.68 . 637 4.59 . 405 . 756 6.52 2511. . 129 . 069 
H2O 2.96 1.30 7.03 . 637 4.66 . 386 . 806 6.92 3009. . 130 . 067 
H21 2.54 1.23 5.27 . 570 4.24 . 288 . 706 6.19 2327. . 114 . 051 
H22 . 00 . 85 10.68 . 663 3.61 . 301 . 607 6.53 3497. . 102 . 055 
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Run 781. 
La Co Rb Cs Ce Hf Pa Cr Fe Eu Tb 
I1 2.54 1.15 9.07 . 621 4.09 . 300 . 688 6.80 2593. . 103 . 054 
I2 2.57 1.26 8.87 . 623 3.99 . 248 . 689 6.13 2649. . 110 . 052 
I3 2.48 1.11 8.26 . 572 3.96 . 262 . 666 6.41 2750. . 099 . 046 
I4 2.68 1.25 8.01 . 562 3.38 . 373 . 730 6.42 2562. . 109 . 053 
I5 2.41 1.21 7.53 . 545 3.07 . 230 . 643 6.57 3071. . 095 . 046 
I6 2.22 1.02 6.30 . 491 2.74 . 286 . 710 6.89 3496. . 093 . 043 
I7 2.66 1.27 6.70 . 607 3.67 . 296 . 739 6.41 2307. . 111 . 053 
I8 2.48 1.24 8.61 . 568 3.25 . 314 . 681 6.40 2901. . 094 . 049 
I9 2.37 1.42 9.75 . 583 3.08 . 268 . 646 6.28 3353. . 105 . 050 
110 2.28 1.23 8.08 . 532 2.78 . 281 . 617 6.40 3155. . 094 . 046 
Ill 2.24 1.40 7.06 . 458 3.62 . 219 . 600 6.01 4414. . 085 . 046 
112 2.54 1.24 7.76 . 563 3.26 . 244 . 666 6.13 2544. . 101 . 052 
113 2.45 1.30 9.05 . 627 3.10 . 273 . 675 6.89 0. . 101 . 051 
114 2.41 1.25 10.11 . 465 2.88 . 296 . 660 6.04 4174. . 104 . 052 
115 2.54 1.31 9.64 . 548 2.90 . 329 . 657 6.46 3323. . 107 . 049 
116 2.68 1.17 5.36 . 409 3.38 . 458 . 742 7.14 0. . 106 . 054 
117 2.48 1.21 8.13 . 584 3.12 . 257 . 668 6.21 2555. . 103 . 054 
118 2.59 1.46 9.71 . 555 3.24 . 433 . 688 6.54 3246. . 095 
119 2.64 1.31 7.69 . 519 3.18 . 363 . 693 6.61 2935. . 114 
120 2.92 1.09 5.06 . 521 3.78 . 487 . 781 7.68 2520. . 113 
121 2.43 1.17 6.04 . 378 3.03 . 279 . 676 6.31 2553. . 091 
122 2.46 0.94 10.1 . 640 N. D. . 344 . 616 6.71 3575 . 104 
. 056 
. 055 
. 056 
. 054 
. 056 
556 
Run 782. 
La Co Rb Cs Ce Hf Pa Cr Fe Eu Tb 
J1 2.70 1.15 7.12 . 478 3.82 . 366 . 803 7.06 3262. . 099 . 053 
J2 2.87 1.37 7.66 . 496 4.28 . 366 . 764 6.91 2391. . 100 . 055 
J3 2.66 1.20 . 00 . 425 3.93 . 314 . 787 7.54 2346. . 083 . 047 
J4 2.64 1.32 6.97 . 604 3.86 . 333 . 708 6.85 2513. . 092 . 043 
J5 2.12 1.16 6.29 . 585 3.08 . 311 . 730 6.86 3002. . 088 . 043 
J6 2.27 1.06 . 00 . 626 3.35 . 324 . 758 6.67 3332. . 087 . 045 
J7 2.68 1.03 6.49 . 451 4.00 . 398 . 830 7.67 2546. . 097 . 047 
J8 2.78 1.39 8.90 . 457 4.20 . 513 . 806 7.22 2543. . 086 . 047 
J9 2.62 1.09 7.54 . 514 3.69 . 220 . 708 7.09 3144. . 095 . 039 
J10 2.34 . 86 8.23 . 463 3.09 . 388 . 782 7.08 3868. . 080 . 044 
J11 2.48 1.16 7.59 . 554 3.58 . 379 . 779 7.35 2942. . 092 . 040 
J12 2.93 1.31 . 00 . 349 4.15 . 486 . 829 7.75 3253. . 081 . 043 
J13 2.71 1.20 . 00 . 321 3.92 . 340 . 000 7.09 2571. . 090 . 043 
J14 2.76 . 97 7.32 . 449 3.91 . 394 . 772 7.40 2897. . 096 . 044 
J15 2.71 1.26 7.37 . 534 3.88 . 323 . 000 6.78 2410. . 091 . 049 
J16 2.83 1.25 7.61 . 541 3.86 . 412 . 784 7.52 3082. . 088 . 047 
J17 2.51 1.16 4.88 . 299 3.52 . 377 . 734 6.94 3270. . 075 . 044 
J18 2.56 1.26 8.47 . 635 3.80 . 348 . 000 7.14 2757. . 086 . 046 
J29 3.00 . 97 7.88 . 490 4.24 . 809 . 000 8.51 2733. . 093 . 058 
J20 3.05 . 99 5.95 . 540 4.56 . 640 . 000 7.82 3243. . 103 . 050 
J21 3.42 . 77 . 00 . 252 5.22 . 532 1.0107.67 2308. . 134 . 065 
J22 2.54 . 95 9.16 . 673 3.63 . 367 . 000 7.15 3542. . 102 . 049 
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Run 783. 
La Co Rb Cs Ce Hf Pa Cr Fe Eu Tb 
1(1 3.05 . 58 2.90 . 254 4.96 . 
475 . 908 7.29 2173. . 159 . 082 
K2 2.76 . 34 2.38 . 221 4.78 . 697 . 851 
6.82 1714. . 125 . 064 
K3 2.76 . 49 1.68 . 248 4.93 . 372 . 726 
5.50 1665. . 154 . 078 
K4 3.01 . 85 3.79 . 292 5.05 . 799 . 
906 7.90 2091. . 131 . 079 
K5 2.94 . 73 4.35 . 292 4.48 . 
668 . 976 8.04 2798. . 143 . 071 
K6 2.67 . 63 4.32 . 371 5.27 . 
632 . 766 6.11 2598. . 114 . 056 
K7 3.06 . 69 1.60 . 280 
5.53 . 439 . 885 6.70 2092. . 155 . 077 
K8 2.98 . 57 1.97 . 295 
5.15 . 417 . 810 6.64 2043. . 157 . 078 
K9 2.72 . 58 1.53 . 284 5.00 . 
433 . 829 6.69 2014. . 154 . 086 
K10 2.63 . 60 2.37 . 286 5.21 . 680 . 999 6.57 1945. . 127 . 069 
1(11 2.36 . 46 2.91 . 208 4.58 . 665 . 838 6.83 1816. . 131 . 072 
K12 2.87 . 50 3.73 . 235 3.27 . 951 . 789 11.1 2698. . 091 . 044 
K13 2.14 . 42 . 00 . 239 5.23 . 411 . 787 6.31 1807. . 152 . 077 
K14 2.96 . 40 . 00 . 269 3.01 . 667 . 673 10.8 1605. . 082 . 049 
K15 2.26 . 61 . 00 . 324 4.06 . 545 . 801 6.87 2394. . 129 . 073 
K16 3.05 . 37 2.06 . 251 5.39 . 415 . 909 6.75 1851. . 158 . 088 
K17 2.92 . 47 3.57 . 276 5.01 . 409 . 796 6.27 1884. . 157 . 077 
1(18 3.00 . 90 7.30 . 626 5.06 . 279 . 673 7.09 2831. . 144 . 079 
K19 2.65 . 44 3.84 . 383 4.51 . 476 . 629 7.56 1321. . 124 . 065 
K20 2.12 . 36 4.67 . 384 3.63 . 267 . 628 6.68 853. . 080 . 055 
K21 2.17 . 59 10.17 . 647 2.86 . 494 . 824 6.70 3323. . 065 . 040 
K22 2.56 . 89 5.76 . 655 3.69 . 308 . 576 6.49 0. . 090 . 056 
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Run 784. 
La Co Rb Cs Ce Hf Pa Cr Fe Eu Tb 
L1 2.18 . 63 . 00 . 366 2.94 . 431 . 589 7.18 3115. . 101 . 049 
L2 1.84 . 60 . 00 . 365 2.33 . 465 . 498 6.43 3021. . 095 . 040 
L3 1.78 . 38 . 00 . 300 2.19 . 383 . 604 6.89 3669. . 051 . 031 
L4 2.36 1.52 . 00 . 338 4.18 . 408 . 756 5.88 2885. . 096 . 051 
L5 2.38 . 55 . 00 . 467 2.87 . 699 . 639 7.92 3266. . 075 . 041 
L6 2.18 1.33 . 00 . 325 3.65 . 
488 . 593 6.53 2635. . 090 . 039 
L7 2.29 1.15 . 00 . 484 3.05 . 663 . 659 7.71 2976. . 089 . 044 
L8 3.04 . 92 . 00 . 509 
4.68 . 259 . 586 6.58 2679. . 153 . 078 
L9 2.81 . 66 . 00 . 740 3.68 . 299 . 538 5.55 2833. . 109 . 046 
L10 2.58 . 60 . 00 . 497 3.12 . 584 . 713 5.91 3059. . 090 . 045 
L11 2.08 2.20 . 00 . 393 3.90 . 462 . 545 6.66 2681. . 077 . 041 
L12 2.32 . 50 . 00 . 496 3.06 . 515 . 675 4.53 2465. . 084 . 035 
L13 2.20 . 91 . 00 . 655 2.52 . 382 . 619 7.12 2319. . 091 . 041 
L14 2.52 . 57 . 00 . 442 2.98 . 761 . 595 10.1 3238. . 093 . 049 
L15 2.46 . 59 . 00 . 463 2.44 . 698 . 554 6.02 2952. . 092 . 049 
L16 2.56 1.25 . 00 . 667 3.21 . 520 . 582 6.87 2299. . 109 . 055 
L17 2.45 1.24 . 00 . 548 3.33 . 713 . 603 6.81 2948. . 106 . 052 
L18 2.11 1.17 . 00 . 374 3.36 . 592 . 598 7.54 2932. . 090 . 043 
L19 3.16 . 92 . 00 . 668 3.45 . 345 . 621 6.50 3537. . 103 . 053 
L20 2.42 1.22 . 00 . 596 3.72 . 382 . 518 7.43 2983. . 098 . 061 
L21 3.01 1.77 . 00 . 368 4.70 . 610 . 574 4.30 2292. . 138 . 061 
L22 2.59 . 96 . 00 . 682 3.60 . 421 . 422 7.10 3575. . 104 . 060 
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Run 788. 
La Co Rb Cs Ce Hf Pa Cr Fe Eu Tb 
M1 . 00 . 69 3.71 . 421 1.63 . 299 . 604 6.02 3056. . 057 . 036 
M2 . 00 . 79 3.84 . 370 2.37 . 269 . 957 6.74 3172. . 073 . 044 
M3 . 00 . 77 3.92 . 305 1.69 . 296 . 627 6.26 2868. . 059 . 032 
M4 1.64 . 59 3.58 . 303 2.01 . 277 . 670 5.94 3101. . 061 . 024 
M5 1.26 . 48 4.76 . 306 1.44 . 267 . 577 
6.64 3054. . 061 . 031 
M6 1.40 . 90 5.05 . 342 1.81 . 
238 . 609 6.36 3154. . 048 . 040 
M7 1.57 . 63 5.57 . 326 1.83 . 
272 . 539 7.15 3165. . 058 . 034 
M8 1.46 . 56 4.43 . 352 1.84 . 
283 . 561 6.32 3030. . 058 . 030 
M9 1.33 . 54 3.55 . 313 1.77 . 
304 . 898 5.95 3022. . 061 . 025 
M10 1.65 . 53 3.03 . 263 2.11 . 270 . 580 6.70 3084. . 065 . 041 
M11 1.41 . 80 4.38 . 377 1.99 . 283 . 617 6.35 3206. . 056 . 037 
M12 1.41 . 63 3.75 . 348 1.72 . 270 . 930 6.74 3104. . 052 . 030 
M13 1.68 . 57 . 00 . 240 2.00 . 314 . 604 7.01 3014. . 059 . 028 
M14 1.15 . 54 3.88 . 297 1.62 . 315 . 511 6.44 2908. . 054 . 029 
M15 1.63 . 62 4.07 . 251 2.02 . 286 . 577 6.08 2893. . 062 . 033 
M16 1.46 . 49 4.74 . 322 1.89 . 310 . 921 6.69 2652. . 045 . 029 
M17 1.28 . 53 3.28 . 274 1.46 . 294 . 611 6.62 3052. . 058 . 031 
M18 1.17 . 46 4.34 . 381 1.48 . 285 . 449 7.65 3036. . 059 . 033 
M19 2.42 . 49 4.16 . 274 3.94 . 340 . 860 6.59 1374. . 126 . 064 
M20 2.49 . 46 4.90 . 295 3.89 . 432 . 545 6.43 1290. . 122 . 058 
M21 2.44 . 47 3.12 . 273 4.10 . 419 . 467 7.36 1276. . 120 . 060 
M23 . 00 . 83 6.27 . 649 3.69 . 307 . 868 6.17 3359. . 093 . 052 
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Run 792. 
La Co Rb 
Ni 2.80 . 46 4.44 
N2 2.76 . 42 4.54 
N3 1.78 . 30 4.81 
N4 3.77 . 32 . 00 
N5 3.19 . 58 7.16 
N6 2.98 . 99 8.48 
N7 1.57 . 84 8.54 
N8 1.58 . 72 6.23 
N9 2.25 . 76 6.22 
N10 2.06 . 82 8.57 
N11 1.57 . 87 3.77 
N12 2.32 1.19 11.98 
N13 2.47 . 89 9.56 
N14 2.74 1.10 12.29 
N15 3.01 . 59 . 00 
N16 2.56 1.18 12.04 
N17 2.47 . 47 6.05 
N18 2.33 . 41 . 00 
N19 3.25 . 28 8.39 
N20 2.39 . 49 5.34 
N21 1.81 . 35 . 00 
N22 2.47 . 85 10.67 
Cs Ce 
. 291 5.70 
. 278 6.10 
. 311 4.04 
. 286 8.18 
. 641 7.38 
. 628 6.70 
. 501 3.21 
. 466 2.93 
. 409 3.59 
. 437 3.97 
. 473 2.25 
. 752 4.28 
. 554 5.40 
. 600 4.67 
. 539 4.12 
. 685 4.30 
. 615 4.95 
. 329 2.61 
. 518 5.16 
. 412 3.46 
. 367 2.66 
. 668 3.85 
Hf 
. 515 
. 534 
. 435 
1.210 
. 558 
. 667 
. 370 
. 358 
. 432 
. 444 
. 309 
. 624 
. 402 
. 512 
. 768 
. 438 
. 554 
. 722 
. 225 
. 679 
. 552 
. 387 
Pa Cr Fe Eu Tb 
. 584 6.22 1273. . 153 . 078 
. 606 6.54 1297. . 155 . 079 
. 701 6.78 1018. . 117 . 061 
1.0317.86 856. . 174 . 093 
. 789 6.45 2215. . 153 . 074 
. 769 6.05 2604. . 157 . 079 
. 637 5.70 2758. . 066 . 037 
. 640 5.77 2812. . 060 . 028 
. 620 5.97 3073. . 108 . 050 
. 570 6.69 3384. . 082 . 049 
. 566 5.57 2941. . 073 . 033 
. 678 6.62 2205. . 101 . 051 
. 786 6.10 2883. . 093 . 045 
. 760 5.66 2934. . 127 . 073 
. 785 5.85 1661. . 192 . 088 
. 750 5.98 0. . 109 . 056 
. 795 6.98 3366. . 093 . 053 
. 782 8.08 2761. . 078 . 048 
. 723 7.06 2633. . 081 . 035 
. 701 7.82 1414. . 129 . 063 
. 708 6.83 2630. . 072 . 037 
. 583 6.30 3523. . 101 . 056 
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Run 793. 
La Co Rb Cs Ce Hf Pa Cr Fe Eu Tb 
01 2.28 . 37 4.45 . 359 3.18 . 562 . 801 8.07 3116. . 078 . 047 
02 2.35 1.07 . 00 . 423 4.33 . 825 . 802 9.31 2828. . 081 . 051 
03 2.01 . 93 8.84 . 564 3.59 . 331 . 759 6.76 2772. . 088 . 049 
04 2.35 1.02 6.54 . 392 3.98 . 874 . 777 9.14 2842. . 089 . 054 
05 2.37 . 56 8.52 . 556 3.82 . 805 . 747 9.84 2353. . 073 . 047 
06 2.25 . 99 5.06 . 276 3.83 . 790 . 785 8.82 2900. . 093 . 051 
07 2.55 . 51 6.28 . 442 4.93 . 
420 . 821 6.58 2524. . 087 . 045 
08 1.94 . 55 5.95 . 383 3.42 . 
500 . 663 9.01 1478. . 114 . 056 
09 2.23 1.69 7.42 . 317 5.53 . 411 . 748 7.33 2650. . 103 . 050 
010 2.54 . 53 6.07 . 458 4.45 . 993 . 889 7.47 3162. . 097 . 041 
011 2.36 . 50 5.56 . 393 4.56 . 494 . 675 7.36 1830. . 120 . 059 
012 2.78 . 45 5.49 . 398 5.05 . 511 . 680 7.83 2476. . 087 . 045 
013 2.28 1.02 7.76 . 431 5.14 . 456 . 656 6.80 3159. . 121 . 063 
014 2.55 1.19 7.58 . 413 5.62 . 412 . 747 6.81 2390. . 116 . 055 
015 2.02 2.59 6.10 . 380 3.50 . 438 . 647 7.06 2585. . 091 . 049 
016 2.35 . 86 4.27 . 345 4.36 . 452 . 849 6.54 2352. . 146 . 072 
017 2.38 2.59 7.60 . 575 6.56 . 473 . 814 7.26 3041. . 130 . 069 
018 2.14 . 80 10.22 . 509 4.83 . 409 . 839 6.24 3464. . 089 . 056 
019 2.60 . 40 9.08 . 504 4.98 . 453 . 833 7.21 3309. . 106 . 055 
020 2.25 . 45 10.72 . 490 4.05 . 426 . 820 6.60 2766. . 075 . 044 
021 2.10 . 56 7.77 . 485 4.00 . 373 . 786 6.52 2314. . 082 . 043 
022 2.46 . 92 10.66 . 678 4.91 . 358 . 641 6.75 3582. . 105 . 061 
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Run 794. 
La Co Rb Cs Ce Hf Pa Cr Fe Eu Tb 
P1 2.16 . 56 5.92 . 589 3.10 . 371 . 805 6.96 3089. . 080 . 042 
P2 2.04 . 82 5.98 . 530 3.11 . 247 . 612 6.18 2463. . 083 . 045 
P3 1.91 1.16 4.58 . 356 3.47 . 415 . 784 6.46 3966. . 063 . 038 
P4 2.03 . 50 6.81 . 578 3.32 . 317 . 781 6.33 2733. . 071 . 039 
P5 2.13 . 90 5.54 . 650 3.01 . 248 . 639 6.29 2080. . 080 . 047 
P6 2.21 . 85 5.40 . 523 3.87 . 513 . 797 
6.99 2993. . 075 . 052 
P7 2.21 . 98 5.76 . 763 3.08 . 310 . 719 6.42 3111. . 075 . 047 
P8 2.14 . 83 5.46 . 637 2.95 . 197 . 678 6.03 2177. . 080 . 040 
P9 2.50 . 93 5.38 . 695 3.26 . 332 . 711 6.23 2990. . 094 . 052 
P10 2.01 . 69 5.56 . 649 2.83 . 213 . 660 6.27 2232. . 070 . 044 
P11 2.03 . 55 6.21 . 789 2.82 . 201 . 600 5.98 2334. . 065 . 037 
P12 1.97 . 69 5.40 . 737 2.66 . 218 . 657 6.22 2358. . 061 . 037 
P13 2.52 . 63 6.76 . 719 3.11 . 311 . 726 6.37 2593. . 094 . 054 
P14 1.56 . 77 7.67 . 859 2.01 . 182 . 489 6.48 3083. . 049 . 039 
P15 2.26 . 78 3.95 . 661 3.23 . 258 . 568 6.46 2234. . 195 . 109 
P16 2.01 . 78 3.41 . 677 3.42 . 211 . 563 6.61 2250. . 204 . 108 
P17 2.12 . 77 7.20 . 960 2.86 . 275 . 683 5.92 2303. . 059 . 040 
P18 1.94 . 73 5.35 . 615 2.97 . 287 . 548 6.88 2597. . 068 . 037 
P19 2.19 . 35 4.62 1.0742.45 . 272 . 664 5.84 2413. . 052 . 030 
P20 2.55 . 72 6.07 . 642 3.18 . 251 . 687 6.02 2206. . 075 . 040 
P21 2.63 1.02 4.94 . 469 3.76 . 410 . 769 6.46 2056. . 116 . 062 
P22 2.47 . 87 5.07 . 665 4.64 . 339 . 635 6.44 3488. . 091 . 047 
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Run 799. 
La Co Rb Cs Ce Hf Pa Cr Fe Eu Tb 
Q2 2.41 1.20 7.11 . 513 4.04 . 789 . 858 7.86 3382. . 120 . 058 
Q3 2.00 1.27 6.50 . 396 4.18 . 363 . 544 6.25 2946. . 122 . 068 
Q4 2.68 1.73 7.18 . 685 4.82 . 389 . 701 6.59 3203. . 139 . 056 
Q5 1.88 . 49 6.59 . 852 3.26 . 320 . 666 5.97 2070. . 071 . 035 
Q6 2.38 1.20 7.21 . 554 4.63 . 247 . 658 5.58 2449. . 113 . 
055 
Q7 2.75 1.27 4.29 . 642 4.48 . 486 . 773 6.70 2893. . 
129 . 059 
Q8 2.21 1.13 7.59 . 559 4.23 . 208 . 639 5.46 2461. . 104 . 052 
Q9 2.05 1.09 . 00 . 611 3.25 . 349 . 
663 5.84 3147. . 102 . 058 
Q10 2.71 . 90 7.61 . 811 4.78 . 246 . 752 6.71 2705. . 110 . 047 
Q11 2.26 1.35 5.40 . 543 4.31 . 427 . 706 6.12 2640. . 111 . 060 
Q12 2.42 1.32 6.68 . 717 4.23 . 326 . 677 6.03 2700. . 128 . 059 
Q13 2.82 1.04 7.35 . 549 4.46 . 313 . 678 6.36 2608. . 105 . 048 
Q14 2.36 1.45 8.36 . 448 3.79 . 564 . 805 6.64 3408. . 097 . 043 
Q16 2.72 1.37 5.01 . 644 3.71 . 324 . 732 6.14 3019. . 114 . 055 
Q17 2.81 . 75 8.68 . 674 3.71 . 527 . 748 6.42 3772. . 073 . 040 
Q18 3.09 1.03 7.22 . 828 4.56 . 426 . 736 6.37 3167. . 118 . 056 
Q19 2.61 1.20 6.44 . 541 3.91 . 265 . 636 5.73 2691. . 116 . 060 
Q20 2.76 1.44 7.13 . 671 4.17 . 406 . 729 6.28 3233. . 128 . 068 
Q21 2.15 . 75 6.47 . 728 2.00 . 341 . 657 5.67 2160. . 068 . 039 
Q23 2.43 . 91 6.57 . 632 4.61 . 300 . 603 5.56 1875. . 109 . 043 
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Run 800. 
La Co Rb Cs Ce Hf Pa Cr Fe ' Eu Tb 
R1 1.53 . 48 7.69 . 593 1.31 . 357 . 594 6.29 2489. . 047 . 031 
R2 2.08 . 96 7.76 . 453 2.94 . 529 . 770 5.79 4001. . 089 . 069 
R3 2.87 . 88 4.70 . 551 3.86 . 407 . 749 6.76 2996. . 101 . 061 
R4 1.90 . 51 4.67 . 320 1.88 . 759 . 431 8.69 2641. . 055 . 028 
R5 2.62 . 89 4.84 . 458 4.40 . 399 . 706 6.23 2847. . 134 . 060 
R6 1.80 . 71 4.77 . 810 2.01 . 334 . 606 6.56 2073. . 063 . 034 
R7 1.90 1.05 7.99 . 753 3.24 . 344 . 643 6.63 3024. . 076 . 036 
R8 2.18 . 82 5.83 . 864 3.21 . 266 . 701 6.13 1906. . 069 . 043 
R9 . 98 . 71 6.77 . 844 . 68 . 260 . 713 7.09 2724. . 024 . 028 
R10 1.83 . 70 5.35 . 839 2.10 . 268 . 617 6.46 2896. . 052 . 033 
R11 1.92 . 54 6.84 . 876 2.68 . 281 . 658 6.29 2250. . 037 . 025 
R12 1.97 . 85 5.41 . 744 3.09 . 380 . 583 6.48 2460. . 079 . 048 
R13 2.44 . 96 7.10 1.1883.48 . 339 . 743 6.07 2247. . 071 . 049 
R14 2.27 . 53 5.60 . 824 3.22 . 199 . 692 6.52 2298. . 067 . 035 
R15 2.14 . 47 5.50 All 3.07 . 327 . 583 6.95 2149. . 061 . 043 
R16 1.91 . 98 6.44 . 876 3.11 . 339 . 608 6.59 2296. . 069 . 038 
R17 1.09 . 50 3.65 . 631 . 65 . 353 . 741 7.04 2461. . 021 . 000 
R18 2.38 . 51 3.32 . 368 3.97 . 286 . 705 8.05 2395. . 078 . 052 
R19 2.70 . 65 4.71 . 528 4.36 . 480 . 703 6.41 1784. . 111 . 061 
R20 2.74 . 47 2.55 . 294 5.52 . 692 . 703 8.05 852. . 140 . 083 
R21 2.09 . 45 3.02 . 313 3.55 . 310 . 612 6.84 1581. . 083 . 040 
R22 2.46 . 90 7.46 . 659 4.79 . 395 . 628 6.32 3520. . 107 . 067 
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Run 801. 
La Co Rb Cs Ce Hf Pa Cr Fe Eu Tb 
Si 2.52 . 35 7.63 . 387 5.60 . 264 . 587 6.84 4631. . 054 . 023 
S2 2.27 . 44 3.44 . 560 5.26 . 256 . 592 4.83 1652. . 108 . 052 
S3 2.89 1.10 4.54 . 623 7.15 . 365 . 530 6.95 3017. . 105 . 051 
S4 3.16 1.17 9.04 . 451 7.98 . 444 . 690 6.43 2996. . 113 . 055 
S5 2.33 . 45 4.17 . 668 4.44 . 285 . 551 6.10 2635. . 
085 . 046 
S6 1.91 . 52 3.60 . 225 3.31 . 524 . 664 8.34 
1991. . 070 . 031 
S7 1.69 . 58 4.27 . 641 2.58 . 
239 . 594 6.72 2633. . 040 . 024 
S8 2.70 1.03 8.23 . 423 5.61 . 220 . 454 5.99 2400. . 094 . 041 
S9 1.67 . 34 5.40 . 722 3.71 . 312 . 773 7.54 2181. . 046 . 030 
S10 2.43 . 46 6.63 . 505 6.41 . 459 . 516 6.97 3298. . 072 . 041 
S11 1.96 . 49 4.64 . 439 3.31 . 283 . 606 7.38 2326. . 065 . 040 
S12 2.87 . 60 . 00 . 482 19.9 1.332 1.45213.8 2133. . 120 . 000 
S13 2.26 . 45 5.05 . 717 6.17 . 290 . 447 6.71 2318. . 059 . 037 
S14 1.84 . 58 5.53 . 496 5.05 . 328 . 441 6.43 2024. . 068 . 038 
S15 2.33 . 37 3.10 . 520 6.26 . 291 . 515 6.92 1564. . 070 . 031 
S16 2.34 . 89 3.30 . 297 6.00 . 570 . 656 7.84 1168. . 083 . 052 
S17 2.56 1.52 3.76 . 487 6.85 . 235 . 630 5.76 2192. . 088 . 044 
S18 3.43 1.04 4.09 . 293 9.65 . 529 . 374 8.19 953. . 153 . 069 
S19 2.58 . 43 6.10 . 576 6.67 . 310 . 605 6.37 2687. . 076 . 039 
S20 2.13 . 57 6.72 . 548 5.46 . 341 . 602 5.65 2134. . 074 . 035 
S21 2.28 . 49 5.66 . 479 5.23 . 328 . 606 5.77 2237. . 068 . 036 
S22 2.50 . 90 6.76 . 646 6.93 . 365 . 563 6.11 3457. . 097 . 054 
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Run 802. 
La Co Rb Cs Ce Hf Pa Cr Fe Eu Tb 
Ti 1.93 1.18 . 00 . 218 2.19 . 315 . 357 9.86 3000. . 101 . 043 
T2 1.81 1.26 . 00 . 178 2.89 . 341 . 436 8.69 3145. . 103 . 050 
T3 1.83 1.25 . 00 . 191 2.92 . 337 . 441 9.17 3129. . 094 . 042 
T4 1.88 1.11 . 00 . 221 3.32 . 374 . 430 9.92 2909. . 105 . 063 
T5 3.11 . 61 . 00 . 397 3.56 . 665 . 888 7.35 2188. . 100 . 050 
T6 2.68 . 61 . 00 . 271 4.76 . 223 . 671 6.37 1456. . 166 . 078 
T7 2.13 . 71 4.24 . 287 4.00 . 
473 . 706 7.20 2640. . 083 . 044 
T8 2.33 . 60 7.23 . 424 
4.27 . 536 . 725 6.89 3009. . 078 . 045 
T9 2.52 1.46 8.48 . 420 4.40 . 339 . 742 5.42 3246. . 111 . 050 
T10 2.30 1.14 7.71 . 424 4.21 . 352 . 565 6.10 2142. . 106 . 055 
T11 2.48 1.04 4.48 . 342 4.33 . 321 . 680 6.65 2870. . 091 . 047 
T12 2.54 1.24 6.89 . 678 4.80 . 364 . 639 6.64 3112. . 112 . 046 
T13 2.48 1.04 11.82 . 692 4.53 . 394 . 600 6.64 2925. . 097 . 046 
T14 2.75 . 94 9.30 . 617 4.93 . 367 . 648 6.94 3294. . 107 . 048 
T15 2.64 1.14 9.50 . 672 3.41 . 365 . 605 7.13 3056. . 100 . 055 
T16 3.09 . 92 . 00 . 426 5.62 . 593 . 735 6.91 3982. . 131 . 064 
T17 2.56 1.16 9.84 . 659 4.20 . 371 . 630 7.22 3333. . 119 . 054 
T18 2.60 1.11 . 00 . 433 4.41 . 184 . 657 5.65 2329. . 108 . 045 
T19 2.44 . 25 5.90 . 559 4.19 . 179 . 636 5.41 1991. . 066 . 036 
T20 1.50 1.81 9.41 . 648 2.54 . 173 . 309 19.3 2830. . 055 . 031 
T21 1.51 1.81 9.10 . 615 2.63 . 169 . 319 18.8 2839. . 058 . 044 
T22 2.43 . 95 8.65 . 624 4.59 . 373 . 637 6.02 3705. . 098 . 055 
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Run 803 
La Co Rb CS Ce Hf Pa Cr Fe Eu Tb 
U1 2.59 1.12 7.81 . 668 3.31 . 377 . 631 5.88 3084. . 107 . 048 
U2 2.80 1.18 8.20 . 678 4.24 . 621 . 873 5.99 3157. . 114 . 057 
U3 2.00 1.39 . 00 . 338 5.11 . 369 . 519 5.63 2754. . 098 . 044 
U4 1.99 1.17 4.24 . 423 3.16 . 368 . 498 5.84 3081. . 100 . 044 
U5 1.99 . 73 4.64 . 394 2.63 . 504 . 503 6.22 2772. . 072 . 038 
U6 2.60 1.14 5.28 . 770 3.60 . 353 . 612 5.93 3010. . 113 . 054 
U7 2.48 . 87 5.53 . 794 3.54 . 278 . 611 5.53 2838. . 106 . 053 
U8 1.87 1.11 6.55 . 703 2.85 . 286 . 525 6.13 2847. . 076 . 043 
U9 2.21 . 86 4.50 . 346 3.08 . 377 . 501 6.08 2940. . 112 . 047 
U10 2.08 1.12 4.39 . 408 2.83 . 374 . 515 6.11 2894. . 108 . 053 
Ull 2.55 . 98 4.55 . 689 3.81 . 344 . 602 6.22 3094. . 118 . 048 
U12 2.08 . 89 3.39 . 525 3.17 . 396 . 544 6.18 2659. . 087 . 041 
U13 2.52 1.06 6.44 . 701 3.85 . 348 . 523 5.95 3258. . 113 . 056 
U14 2.66 1.08 5.89 . 459 3.41 . 231 . 591 4.83 2821. . 109 . 050 
U15 2.07 . 35 6.08 . 891 2.41 . 329 . 592 5.84 2678. . 052 . 033 
U16 2.57 1.19 5.72 . 448 3.74 . 375 . 685 5.61 3264. . 107 . 053 
U17 2.46 1.14 5.05 . 478 3.39 . 276 . 644 5.22 3013. . 111 . 051 
U18 2.49 . 69 7.68 . 580 3.92 . 429 . 744 5.40 3145. . 112 . 051 
U19 2.43 . 99 5.08 . 784 3.67 . 374 . 693 6.18 3316. . 094 . 049 
U20 2.56 1.20 4.51 . 491 3.88 . 194 . 450 5.33 2645. . 114 . 049 
U21 2.20 1.05 4.40 . 366 3.58 . 227 . 337 5.20 2700. . 112 . 043 
U22 2.50 . 93 6.19 . 724 4. '37 . 333 . 408 5.97 3753. . 111 . 063 
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Run 804. 
La Co Rb Cs Ce Hf Pa Cr Fe Eu Tb 
W1 2.27 . 74 3.09 . 420 3.27 . 362 . 461 6.79 2046. . 096 . 049 
W2 2.39 1.33 5.62 . 593 4.48 . 220 . 521 5.88 2693. . 086 . 043 
W3 1.84 . 34 4.96 . 640 2.61 . 383 . 516 5.41 1612. . 043 . 034 
W4 1.94 . 86 4.05 . 294 3.82 . 294 . 449 5.13 2534. . 091 . 047 
W5 2.18 . 56 4.01 . 451 3.12 . 270 . 488 5.62 1632. . 078 . 038 
W6 2.01 . 59 2.78 . 291 3.61 . 511 . 
453 6.20 2429. . 072 . 031 
W7 2.00 . 42 5.73 . 727 2.52 . 323 . 532 5.82 
2150. . 044 . 028 
W8 2.40 1.13 3.60 . 446 4.56 . 272 . 572 5.60 2742. . 098 . 052 
W9 2.04 . 65 5.19 . 638 2.89 . 390 . 617 6.41 2678. . 072 . 029 
W10 2.43 1.09 5.09 . 359 4.51 . 284 . 601 5.44 2884. . 106 . 049 
W11 2.11 . 65 4.17 . 333 3.03 . 492 . 479 6.58 2156. . 092 . 041 
W12 2.59 . 27 3.54 . 381 4.00 . 290 . 685 6.19 1722. . 054 . 025 
W13 2.49 1.08 4.99 . 502 4.85 . 315 . 575 5.79 2675. . 101 . 050 
W14 2.12 . 81 5.34 . 576 3.24 . 269 . 467 6.01 2943. . 063 . 036 
W15 2.07 . 63 4.43 . 800 3.12 . 262 . 584 5.79 2116. . 061 . 029 
W16 2.60 1.14 4.74 . 517 4.21 . 369 . 608 6.19 2957. . 118 . 060 
W17 1.96 . 72 3.82 . 431 3.37 . 369 . 475 5.40 2459. . 073 . 037 
W18 2.55 1.06 4.47 . 529 4.27 . 329. . 588 5.84 2719. . 101 . 046 
W19 2.17 . 82 5.12 . 990 2.55 . 347 . 630 6.98 2256. . 063 . 035 
W20 2.01 . 37 5.10 . 570 3.85 . 270 . 505 8.57 2101. . 073 . 035 
W21 2.41 1.14 6.22 . 712 5.15 . 223 . 564 5.97 2802. . 099 . 047 
W22 2.45 . 92 5.67 . 694 . 4.71 . 357 . 617 6.58 3476. . 107 . 056 
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Run 812. 
La Co Rb Cs Ce Hf Pa Cr Fe Eu Tb 
X1 2.38 . 76 4.88 . 732 4.86 . 285 . 472 6.72 3147. . 097 . 053 
X2 1.26 . 46 . 00 . 273 . 00 . 575 . 827 8.32 6950. . 049 . 033 
X3 2.06 . 44 . 00 . 369 . 87 . 551 . 405 7.65 1765. . 077 . 037 
X4 1.76 . 51 3.89 . 256 3.91 . 402 . 574 6.64 5169. . 060 . 031 
X5 2.36 . 86 . 00 . 364 3.80 . 500 . 673 8.00 1163. . 106 . 060 
X6 2.60 . 78 . 00 . 348 5.35 . 536 . 682 
7.81 960. . 124 . 058 
X7 2.23 . 83 . 00 . 354 4.79 . 
483 . 675 8.54 1221. . 108 . 051 
X8 1.92 . 70 . 00 . 340 3.74 . 454 . 645 7.73 1167. . 098 . 046 
X9 2.93 . 40 . 00 . 355 6.35 . 676 . 809 7.61 745. . 130 . 062 
X10 2.98 . 38 . 00 . 299 6.73 . 751 . 809 7.47 706. . 126 . 060 
X11 2.61 . 85 3.23 . 410 6.44 . 773 . 722 8.22 1933. . 122 . 055 
X12 3.51 . 94 . 00 . 307 8.25 . 493 . 688 6.96 843. . 180 . 082 
X13 2.53 . 88 5.61 . 456 6.00 . 360 . 769 5.86 2275. . 078 . 038 
X14 2.20 1.02 6.19 . 632 4.44 . 298 . 695 6.22 2218. . 090 . 041 
X15 1.71 . 55 3.68 . 322 3.36 . 455 . 613 6.31 4890. . 049 . 030 
X16 2.44 . 55 4.74 . 486 3.07 . 826 . 784 9.27 2048. . 095 . 050 
X17 1.92 . 56 . 00 . 291 2.91 . 732 . 672 8.76 4766. . 066 . 032 
X18 2.81 . 43 6.52 . 398 5.29 . 766 . 964 9.27 3606. . 124 . 056 
X19 3.17 . 48 6.51 . 348 6.29 . 894 1.24210.9 0. . 141 . 055 
X20 1.14 . 44 2.72 . 265 1.15 . 283 . 685 6.09 3939. . 070 . 027 
X21 3.10 . 41 5.75 . 381 5.13 . 840 . 999 8.33 3411. . 117 . 062 
X23 2.51 . 94 6.72 . 703 4.45 . 384 . 658 6.76 3546. . 112 . 053 
X24 2.35 . 36 5.97 . 440 4.18 . 288 . 694 7.05 3927. . 069 . 036 
X25 2.87 . 56 5.57 . 534 5.14 . 811 . 985 7.83 3673. . 099 . 056 
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Z1 3.06 . 26 . 00 . 284 5.63 . 577 1.0165.71 611. . 142 . 064 
Z2 3.03 . 27 . 00 . 279 6.59 . 590 1.0155.71 627. . 137 . 059 
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Run 813. 
La Co Rb Cs Ce Hf Pa Cr Fe Eu Tb 
Y1 2.42 1.11 3.02 . 382 5.72 . 279 . 662 6.44 2950. . 101 . 060 
Y2 2.47 1.75 5.46 . 618 7.11 . 305 . 682 7.04 3054. . 099 . 056 
Y3 2.63 . 95 4.90 . 478 5.83 . 524 . 756 6.82 0. . 120 . 071 
Y4 1.89 1.01 5.52 . 487 5.53 . 299 . 596 6.64 2907. . 081 . 039 
Y5 2.00 . 79 6.23 . 384 4.91 . 635 . 841 7.14 2732. . 073 . 050 
Y6 2.72 1.23 8.70 . 691 6.76 . 355 . 812 5.83 
3389. . 120 . 074 
Y8 2.58 . 63 3.74 . 630 5.12 . 
407 . 769 6.62 2149. . 088 . 050 
Y9 2.07 . 39 5.65 . 
612 3.57 . 267 . 656 6.64 1829. . 061 . 038 
Y10 2.13 . 50 3.90 . 
718 5.47 . 391 . 817 6.58 2613. . 072 . 040 
Yll 1.85 . 42 5.57 . 822 3.23 . 369 . 634 6.04 2310. . 045 . 033 
Y12 2.88 . 56 4.46 . 549 7.78 . 255 . 599 6.18 0. . 109 . 053 
Y13 2.13 . 85 4.15 . 430 7.15 . 530 . 507 7.49 2720. . 116 . 066 
Y14 1.97 . 75 7.15 . 885 3.86 . 302 . 682 6.53 2214. . 072 . 031 
Y15 1.79 . 42 2.36 . 629 3.10 . 423 . 571 6.17 2111. . 043 . 031 
Y16 1.87 . 85 4.44 . 686 3.16 . 308 . 640 6.18 2941. . 073 . 046 
Y17 2.67 1.14 7.23 . 556 5.14 . 567 . 804 5.95 2954. . 108 . 065 
Y18 2.66 . 95 4.31 . 452 9.45 . 501 . 828 7.00 3292. . 087 . 060 
Y19 2.66 1.16 6.36 . 510 5.32 . 749 . 794 6.37 3635. . 101 . 064 
Y20 3.05 . 86 5.23 . 427 5.44 . 514 . 681 6.45 3463. . 117 . 063 
Y21 2.60 . 68 3.11 . 365 4.16 . 313 . 603 6.30 2587. . 102 . 057 
Y22 2.47 . 92 6.42 . 710 5.40 . 384 . 513 6.16 3529. . 100 . 059 
Y24 2.74 1.42 3.67 . 649 4.05 . 258 . 734 6.48 2701. . 105 . 065 
Y25 2.31 . 53 3.63 . 423 3.98 . 706 1.03 97.80 2882. . 075 . 054 
Z3 2.54 1.33 7.08 . 626 5.32 . 248 . 831 5.69 2844. . 106 . 058 
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APPENDIX 4. 
References to the form codes. 
Amphorae. 
A001.01 Dressel type 20. 
Bowls. 
B001.01 Hayes R. H. and Whitley E. 1950,2c, 2e. 
B001.02 Hicks J. D. and Wilson J. A. 1975,26-28 and 37. 
B001.03 Gillam J. P . 1957a, type 225. 
B001.04 Gillam J. P . 1957a, type 219. 
B001.05 Gillam J. P . 1957a, type 
318. 
B001.09 Wacher J. 1969, No. 596. 
B002.01 Corder P. 1928, Nos. 37 and 42. 
B002.02 Corder P. 1928, No. 41. 
B002.03 Corder P. 1928, Nos. 38-40. 
B002.05 Howe M . D., Perrin J. R. and Mackreth D. R. 1980, No. 77. 
B002.13 Birley E. 1930, No. 50. 
B003.01 Corder P. 1928, Nos. 21-23. 
B003.02 Corder P. 1928, No. 20. 
B003.03 Corder P. 1928, No. 27. 
B003.04 Corder P. 1928, Nos. 17-19,25-26 and 28. 
B003.05 Gillam J. P. 1957a, types 205/206. 
B003.06 Plate 1. 
B004.01 Hartle y B. 1960, No. 17. 
B005.01 Hayes R. H. and Whitley E. 1950, No. 3. 
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B005.02 Corder P. 1928, Nos. 1-6,8-16. 
B005.03 Corder P. 1931, Nos. 10 and 14. 
B005.04 Plate 1. 
B005.05 Plate 1. 
B005.06 Plate 1. 
B005.08 Gillam J. P. 1957a, t ypes 226-227. 
B005.09 Perrin J. R. 1981, No . 316. 
B005.10 Wacher J. 1969, No. 741. 
B005.11 As B005.02. 
B006.01 Corder P. 1931, Nos. 44,46-47, and 52-56. 
B006.02 Corder P. 1931, Nos. 42,43 and 45. 
B006.03 Corder P. 1928, No. 30. 
B006.04 Corder P. 1928, Nos. 32 and 36. 
B006.05 Corder P. 1931, Nos. 48-51. 
B007.02 Plate 1 
B007.04 Plate 1 
B008.01 Annable F. K. 1960, No. 179 
B010.04 Gillam J. P. 1976, No. 52 
B011.01 Plate 1 
B012.01 Wacher J. 1969, No. 274 
B013.01 Wacher J. 1969, No. 610 
Beakers. 
C001.01 Hayes R. H. and Whitley E. 1950, No. 9. 
C002.01 Corder P. 1928, No. 193. 
C002.02 Plate 1 
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C003.01 Corder P. 1931, No. 106. 
0004.01 Hayes R. H. and Whitley E. 1950, No. 9a. 
C005.01 Hartley B. 1960, Nos. 2 and 3. 
C005.02 Hartley B. 1960, No. 1. 
C005.03 Plate 1 
C006.01 Corder P. and Birley M. 1937, type 12. 
C006.02 Hayes R. H. and Whitley'E. 1950, No. 16. 
C006.03 Hartley B. 1960, Nos. 5 and 6. 
C006.04 Hartley B. 1960, No. 4. 
Dishes. 
D001.01 Hicks J. D. and Wilson J. A. 1975, No. 34. 
D001.02 Hayes R. H. and Whitley E. 1950, No. 2b. 
D001.03 Corder P. 1931, No. 107. 
D001.04 Corder P. and Birley M. 1937, type la. 
D002.01 Hayes R. H. and Whitley E. 1950, Nos. la, lb, lg and Ih. 
D002.02 As above. 
D002.03 Corder P. and Kirk J. L. 1932, Knapton No. 21. 
D002.04 see D002.01. 
D002.05 Hayes R. H. and Whitley E. 1950, No. lc (possibly a lid). 
D002.06 Plate 1 
D002.07 Plate 1 
D002.08 Gillam J. P. 1976, No. 85. 
D002.09 See D012.03. 
D003.01 Corder P. 1928, Nos. 52-3. 
D003.02 Hayes R. H. and Whitley E. 1950, No. 2a, Corder P. 1931, 
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No. 108. 
D003.03 Plate 1 
D003.04 Gillam type 317. 
D003.05 Plate 1 
D004.01 Corder P. 1928, No. 130. 
D004.02 Corder P. 1928, Nos. 137,139 and 140. 
D004.03 Corder P. 1928, Nos. 138 and 141. _ 
D005.01 Corder P. 1928, No. 125. 
D006.01 Hartley B . 1960, No. 7. 
D007.01 Corder P. 1928, Nos. 66-8. 
D007.02 Corder P. 1928, No. 78. 
D007.03 Corder P. 1928, No. 79. 
D008.01 Corder P. 1928, Nos. 61,63,65,69 and 70-73. 
D008.02 Plate 2 
D008.03 Rigby V. 1980, No. '3 9. 
D009.01 Corder P. 1928, Nos. 56,58-60 and 62. 
D009.02 Gillam J. P. 1957a, type 297. 
D009.03 Corder P. 1928, Nos. 54-55 and 57. 
D010.01 Corder P. 1928, Nos. 74-76. 
D011.01 Plate 2 
D012.01 Plate 2 
D012.02 Plate 2 
D012.03 Plate 2 
Flagons. 
F001.01 Hayes R. H. and Whitley E. 1950, No. 7f. 
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F001.02 Plate 2 
F001.06 Wacher J. 1969, No. 295. 
F002.01 Hartley B. 1960, No. 9. 
F002.02 Hartley B. 1960, No. 8. 
F002.03 Plate 2 
F003.01 Corder P. 1928, No. 186. 
F003.02 Hayes R. H. and Whitley E. 1950, Nos. 7d and 7e. 
F003.03 Plate 2 
F003.05 Howe M. D, Perrin J. R. and Mackreth D. R. 1980, No. 64-65. 
F004.03 Hartley B. 1960, No. 13. 
F004.04 Rigby V. and Stead I. M. 1976, Messingham No. 7. 
F005.01 Corder P. 1931, Nos. 91-94. 
F005.02 Hicks J. D. and Wilson J. A. 1975, No. 21. 
F006.01 Hartley B. 1960, No. 10. 
F006.02 Hartley B. 1960, No. 11. 
F006.03 Plate 2 
F007.01 Hayes R. H. and Whitley E. 1950, Nos. 7a and 7h. Corder P. 
1931, Nos. 95-6. 
F007.02 Corder P. 1928, No. 176. Rigby V. and Stead I. M. 1976, 
Messingham No. 8. 
F007.03 Hayes R. H. and Whitley E. 1950, Nos. 7b and 7c. 
F007.04 Wacher J. 1969, No. 645. 
F007.05 Howe M. D., Perrin J. R. and Mackreth D. R. 1980, No. 74 
F008.01 Corder P. 1931, Nos. 59-66. 
F008.02 Corder P. 1931, Nos. 57 and 67. 
F008.03 Corder P. 1931, Nos. 68 and 70. 
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F008.04 Corder P. 1928, No. 184. 
F008.05 Hicks J. D. and Wilson J. A. 1975, No. 16. 
F008.06 Hicks J. D. and Wilson J. A. 1975, No. 17. 
F008.07 Todd M. 1 981, No. 18. 
F009.01 Corder P. 1928, Nos. 178-9 and 181-3. 
F009.02 Corder P. 1928, Nos. 177 and 180. 
F010.01 Corder P. 1928, Nos. 167-8. 
F010.02 Corder P. 1928, Nos. 172-3. 
F010.03 Corder P. 1928, Nos. 160 and 176. 
F010.04 Corder P. 1928, Nos. 174-5. 
F010.05 Corder P. 1928, No. 171. 
F011.03 Wacher J. 1969, No. 263. 
F013.01 Plate 2 
Jars. 
J001.01 Loughlin N. 1977, Nos. 1-56. 
J001.02 Rigby V. 1980, No. 59-60, and 68. 
J002.01 Corder P. 1931, Nos. 73-6 and 89. 
J002.02 See J005. 05 
J002.03 Plate 2 
J002.04 Plate 2 
J003.01 Corder P. and Kirk J. L. 1932, Knapton Nos. 2-9. 
J003.02 Loughlin N. 1977, No. 61. 
J003.04 Wacher-J. 1969, No. 461. 
J003.05 Plate 2 
J003.06 Plate 2 
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J003.07 Plate 2 
J003.08 Sherd missing. 
J003.09 Plate 3 
J003.10 Sherd missing. 
J003.11 Plate 3 
J003.12 Plate 3 
J003.13 Plate 3 
J004.01 Corder P. and Kirk J. L. 1932, Knapton No. 18. 
J004.02 Corder P. 1928,, Nos. 95 and 97-9. 
J004.03 Plate 3 
J004.04 Webster G. and Booth N. 1947, Nos. H1-8. 
J004.05 Plate 3 
J004.06 Plate 3 
J004.07 Plate 3 
J004.08 Plate 3 
J004.09 Plate 3 
J004.10 Gillam J. P. 1957a, type 153. 
J004.11 Plate 3 
J004.12 Plate 4 
J004.13 Plate 4 
J004.14 Plate 4 
J005.01 Corder P. and Kirk J. L. 1932, Nos. 15-17. 
J005.02 Plate 4 
J005.03 Gillam type 164. 
J005.04 Plate 4 
J005.05 Plate 4 
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J005.06 Plate 4 
J005.07 Kay S. O. 1962, type B. 
J005.08 Plate 4 
J005.09 Plate 4 
J005.10 Plate 4 
J006.01 Corder P. 1928, No. 194. 
J006.02 Plate 4 
J007.01 Corder P. 1931, Nos. 77-79 and 83. 
J007.02 Wacher J. 1969, No. 517. 
J007.03 Sherd missing. 
J008.01 Rigby V. and Stead I. M. 1976, Messingharn No. 12. 
J009.01 Hayes R. H. and Whitley E. 1950, No. 4d. Hicks J. D. and 
Wilson J. A. 1975, Nos. 6-8. 
J009.02 Corder P. 1928, Nos. 80-5. 
J009.03 Corder P. 1931, No. 88. 
J009.04 Hicks J. D. and Wilson J. A. 1975, No. 11. 
J009.05 Corder P. 1928, No. 94. 
J009.06 See J013.03 
J009.07 Plate 5 
J009.08 Plate 5 
J009.09 Plate 5 
J009.10 Plate 5 
J009.11 Plate 5 
J009.13 Wacher J. 1969, No. 356. 
J009.14 Plate 5 
J010.01 Corder P. 1931, No. 86. 
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J010.02 Plate 5 
J010.03 Plate 5 
J010.04 Plate 5 
J010.05 Plate 5 
J010.06 Plate 6 
J010.07 Perrin J. R. 1981, No. 300. 
J011.01 Hayes R. H. and Whitley E. 1950, Nos. 4a and 4b, Corder 
P. 1928, Nos. 87-88. 
J011.02 Plate 6 
J011.03 Plate 6 
J011.04 Gillam J. P. 1957a, type 65. 
J012.01 Corder P. 1931, Nos. 72 and 80-1. 
J012.02 Plate 6 
J012.05 Plate 6 
J013.01 Corder P. 1931, Nos. 82 and 84. 
J013.02 As J005.01 without the internal groove. 
J013.03 Plate 6 
J013.04 Hornsby W. and Stanton R. 1912, No. 22. 
J014.01 Loughlin N. 1977, No. 80. 
J015.01 Hayes R. H. and Whitley E. 1950, No. 6a-c. Corder P. 1928, 
Nos. -143-6. 
J015.02 Corder P. 1931, Nos. 21 and 31. 
J015.03 Corder P. 1931, Nos. 22,29 and 39-40. 
J015.04 Corder P. 1931,35-8. 
J015.05 Corder P. 1931,20. Hicks J. D. and Wilson J. A. 1975, 
No. 13. 
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J015.06 Corder P. 1931, Nos. 24-5, 27-8 and 41. 
J015.07 Hicks J. D. and Wilson J. A. 1975, Nos. 14-15. 
J015.08 Corder P. 1931, No. 34. Corder P. 1928, Nos. 149-51. 
J015.09 Corder P. 1928, No. 166. 
J015.10 Corder P. 1931, No. 162. 
J015.11 Plate 6 
J015.12 Plate 6 
J015.13 Buckland P. C. 1 976, No. 90-91 
J016.01 Corder P. 1928, No. 163. 
J016.02 Plate6 
J016.03 Plate 6 
J016.04 Plate 7 
J016.05 Plate 7 
J016.06 Plate 7 
J016.07 Plate 7 
J016.08 Plate 7 
J017.01 Corder P. 1931, Nos. 32 and 34. 
J018.01 Hayes 'R. H. and Whitley E. 1950 , No. 10b. Corder P. 19310 
No. 104. 
J018.02 Hayes R. H. and Whitley E. 1950, No. 10a. Hicks J. D. and 
Wilson J. A. 1975, No. 22. 
J018.03 Hayes R. H. and Whitley E. 1950, No. 10. 
J018.04 Hayes R. H. and Whitley E. 1950, No. 19. 
J018.08 Plate 7 
J019.01 Hayes R. H. and Whitley E. 1950, No. 15. 
J020.01 Hayes R. H. and Whitley E. 1950, No. 4e. 
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J020.02 Hayes R. H. and Whitley E. 1950, Nos. 4f and 11. 
J020.03 Plate 7 
J020.04 Plate 7 
J020.05 Gillam J. P. 1957a, type 155 
J020.08 Wacher J. 1969, No. 216. 
J020.09 Plate 7 
J021.01 Corder P. -1928, No. 90. Corder P. 1931, No. 102. Hayes 
R. H. ýand Whitley E. 1950, No. 5. 
J021.02 Corder P. 1928, Nos. 89 and 91. 
J021.03 See J021.01 
J021.04 Corder P. 1931, No. 101. 
J021.05 Hayes R. H. and Whitley E. 1950, No. 4g. 
J021.06 Hayes R. H. and Whitley E. 1950, Nos. 17 and 17a. 
J021.07 Plate 7 
J021.09 Plate 7 
J021.10 Plate 7 
J021.11 Gillam J. P. 1957a, type 68. 
J021.12 Plate 7 
J021.13 Plate 8 
J021.14 Gillam J. P. 1957a, type 92. 
J021.16 Howe M. D., Perrin J. R. and Mackreth D. R. 1980, No. 61. 
J021.17 Sherd missing. 
J021.18 Plate 8 
J022.01 Corder P. 1928, 'No. 190. 
J022.02 Plate 8 
J022.03 Plate 8 
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J022.04 Plate 8 
J023.01 Hayes R. H. and Whitley E. 1950, No. 14. 
J024.01 Hayes R. H. and Whitley E. 1950, No. 4c. 
J024.02 Plate 8 
J024.03 Plate 8 
J024.04 Gillam J. P. 1957a, types 122 and 125. 
J024.05 Gillam J. P. 1957a, type 142. 
J024.06 Gillam J. P. 1957a, type 129. 
J024.07 Gillam J. P. 1957a, type 144. 
J024.08 Gillam J. P. 1 1957, types 133 and 135. 
J024.09 A late third century BB1 jar with rim cut off just above 
shoulder. 
J025.01 Corder P. 1931, Nos. 99-100. 
J026.01 Kay S. O. 1962, Nos. Al-A108. 
J026.02 Gillam J. P. 1957a, type 151. 
J026.04 Plate 8 
J027.01 Kay S. O. 1962, No. B46. 
J027.02 Sherd missing. 
J028.01 Kay S. O. 1962, No. B47. 
J029.01 Jones R. F. J. 1975, No. 35A(2)A 
J029.02 Plate 8 
J029.03 Plate 8 
J030.01 Plate 8 
J031.01 Farrar R. A. H. 1977, No. 5. 
J031.02 Gillam J. P. 1957a, type 128. 
J032.01 See J001.02 
584 
J033.01 Rigby V. 1980, No. 1. 
Mortaria. 
M001.01 Hayes R. H. and Whitley E. 1950, No. 13. 
M002.01 Corder P. 1928, Nos. 102 and 119-23. 
M002.03 Corder P. 1928, Nos. 115-6. 
M002.04 Plate 8 
M002.06 Gillam J. P. 1957a, type 246. 
M002.07 Gillam J. P. 1957a, type 267. 
M002.08 Gillam J. P. 1957a, type 243. 
M002.09 Gillam J. P. 1957a, type 241. 
M003.01 Corder P. 1928, No. 130-3. 
M003.02 Corder P. 1928, No. 127. 
M003.03 Corder P. 1928, No. 129. 
M003.04 Corder P. 1928, No. 128. 
M003.05 Corder P. 1928, No. 135. 
M003.06 Corder P. 1928, No. 134. 
M003.08 Plate 9 
M003.09 Plate 9 
M003.10 Dragendor f 45. 
M003.11 Plate 9 
M003.12 Plate 9 
M003.13 Gillam J. P. 1957a, type 285. 
M003.14 Perrin J. R. 1981, No. 317. 
M003.15 PLate 9 
M004.01 Gillam J. P. 1957a, No. 254. 
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M005.01 Mortarium in the form of D004.02. 
M005.02 Mortarium in the form of D004.03. 
M006.01 Gillam J. P. 1957a, No. 237. 
M007.01 Mortarium in the form of B003.01. 
M008.01 Sherd missing. 
M009.01 Howe M. D., Perrin J. R. and Mackreth D. F. 1980, No. 84. 
Other. 
0001.01 Corder P. 1931, No. 111. 
0003.01 Gillam J. P . 1957a, No. 350. 
0005.01 Wacher J. 1969, No. 600. 
Z001.01 Hayes R. H. and Whitley E. 1950, No. 18. 
Z002.01 Hicks J. D. and Wilson J. A. 1975, No. 43. 
Z002.02 Corder P. and Kirk J. L. 1932, No. 11-13. 
Z003.01 Hartley B. 1960, No. 14. 
2004.01 Hartley B. 1960, No. 18. 
Z005.01 Plate 10 
Z006.01 Plate 10 
Z007.01 Plate 10- 
Z007.02 Plate 10 
Z008.01 Plate 10 
Z009.01 Plate 10- 
Z010.01 Plate 10 
Z011.01 Plate 10 
Z012.01 Plate 10 
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8003.06 B005.04 
B005.05 
i 
-- ---- 
--F7 
B005.06 
8007.02 BOO7.04 
6011.01 C002.02 
C005.03 D002.06 
D002.07 D003.05 
D0 03.03 
Plate 1 
D008.02 
0012.01 
0011.01 
D012.02 
D012.03 
F002.03 
)-7 
F013.01 
F003.03 
F001.02 
) r7 
F006.03 
J 002.04 
J003.06 J003.07 
-ii 
J003.05 
Plate 2 
J002.03 
J003.09 
N1 
J003.12 
J004.03 
J003.11 
1 
J003,13 
J004.05 
J004.06 
J004.08 
J004.11 
J004.07 
J004.09 
Plate 3 
J004.12 
J004,14 
J005.04 
JO 04.13 
J005.02 
J005.05 
7fýý 
J005.06 
4; 
F7- 
J005.08 
J005.09 
J005.10 
J006.02 
Plate 4 
J009,07 J009.08 
J009.09 
J009.10 
J009.11 J009.14 
04, 
-I? 
JO10.03 
7 
--- 
-7, 
J010.04 
7 
-- 
---N 
J010.05 
Plate 5 
J010.02 
JO1O. 06 
J011.03 
J012.02 
J011 . 02 
J 013.03 
J015 . 11 
J015.12 
J016.02 J016.03 
E 
Plate 6 
J016.04 
J016.06 
J016.05 
AS I 
r3 
J016.08 
J016.08 
J01 8 . 08 J 020.03 
F-- 
J 020,04 J020"09 
J021.09 J021.10 
I-r==T 31 
J021.07 
J021.12 
Plate 7 
J 021.13 J021.16 J021.18 
J 022.02 J 022 . 03 
J022.04 
J024.03 J026.04 
J029.02 
'T 
k 
-) 
J029.03 
J030.01 
M002.04 
Plate 8 
J024.02 
M003.08 
t" .i 
.. '" ".,, 
M003.0 9 
MO 03.11 
.ý ý` 
I 
M003.12 
M003.15 
Plate 9 
Z005 . 01 
2006.01 
4wý - "I - zoo 7.01 
I 
2007.02 
r Z008.01 
Z009.01 
oooýý Z010.01 
Z011.01 
Z012.01 
Plate 10 
APPF. NnTY %- 
The incidence of form types in fabrics examined in the study. 
7.3.1. The incidence of Norton forms in groups examined. 
Brough-on-Humber; all third century groups. 
B001.02,0001.01', J004.01, J009.01, J012.01?, J015.01, J015.08, 
J018.01, J018.02, Z007.01(x2). 
Beadlam. 
North of North Wing B. 
D003.03. 
DXIISE Occupation. 
D002.02. 
All late fourth century. 
D002.01, F007.03, J018.01, J024.01, J029.03. 
Malton mid to late fourth century. 
B001.04, D001.02, J018.03, J021.01. 
Castleford - early fourth century. 
F007.01. 
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7.4.2. Calcite gritted ware in the third century. 
Beadlam ditch. 
Fabric 301; J003.04, J003.05, J009.03. 
Fabric 324; J003.01. 
7.5.2. Holme-on-Spalding Moor forms in. third century groups 
examined. 
Brough-on-Humber. 
ParinA VT_ 
Fabric 200; B006.01,0006.01, D012.01,3009.03,3009.01, J018.04, 
J021.07, J022.03,2009.01. 
Fabric 165; J021.15. 
Period VII. 
Fabric 200; J009.13. 
Fabric 165; J020.03. 
Fabric 156; B005.02. 
BI (13)etc. 
Fabric 165; J021.01. 
GII (13) etc. 
Fabric 200; J009.01? 
Fabric 165; B005.02, J018.?? 
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Fabric 179; J012.01. 
7.6.1 The incidence of BB1 forms in the third century groups 
examined. 
Vindolanda. 
layer 314. 
J024.??, J024.03, J024.04, J024.07. 
layer 91. 
B005.08(x2), D002.01(x3), J024.02(x4), J024.03(x2), J024.04(x2), 
J024.05, J024.07(x2). 
layer 113. 
B005.02, B005.08, D002.04(x2), J024.02(x7), J024.03(x3). 
Old Penrith 1705. 
B001.02, B001.04(x12), B005.02, B005.08, D002.01(x15), J024.02(x4), 
J024.03(x15), J024.05, J024.07. 
Bewcastle. 
B005.02(x2), D002.01(x3), J024.03(x7), J024.02(x3). 
Binchester A458. 
B005.03, D002.04(x2), D003.01, J024.02(x2), eJ024.03. 
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Greta Bridge. 
Mid third century. 
B001.04, D002.04, J024.03?, J024.05(x2). 
Late third century. 
B001.02, B005.?? (x2), B005.08, D002.01, D002.04(x2), J024.02(x3), 
J024.03. 
Castleford 211; late third century. 
B001.04, B005.01,8005.02(x3), B005.08(x2), D002.01(x8), J021.01?, 
J024.02(x8). 
Brough-on-Humber; third century groups. 
BII (4). 
D003.03(x2). 
GII (13). 
J024.02. 
7.6.1. The incidence of BB2 forms in third century groups examined. 
Vindolanda. 
layer 314. 
D003.03(x3), J024.??, J024.03, J024.07. 
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layer 91. 
D003.??, D003.03, J024.??, J024.03, J024.07. 
layer 113. 
J024.02, J024.07. 
Old Penrith 1705. 
B001.01(x3), B001.03(x2), D003.03(x2). 
Bewcastle. 
B001.01, B001.03, D002.01, D003.03, J024.07(x2). 
Greta Bridge. 
mid third century. 
D003.03. 
late third century. 
D003.03(x2). 
Brough-on-Humber. 
Period VI. 
J026.04. 
Period VII. 
B010.04, D002.01. 
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BII (4). 
B001.02, B005.08, D002.01, D003.03. 
Period VIII. 
B010.04. 
BI (13). 
J021.01? 
7.7. Greyware forms from third century sites examined. 
South Yorkshire products (fabric 108). 
Castleford 260. 
J013.02, J015.02, J015.03, J015.07, J024.03. 
Other greyware fabrics. 
Castleford 211. 
B001.04, J015.01, J021.13, J024.03. 
Beadlam; ditch. 
B001.02. 
Greta Bridge. 
Phase 2. 
B001.01, B001.03, B001.04, D003.02, D003.03, J008.02, J009.03, 
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J009.04?, J016.02, J018.08, J021.13. 
Phase 4. 
B001.01, B001.03, D003.01, F003.01, J009.08, J016.01, J021.??, 
J021.01, J021.12, J022.02(x2), J024.??, J024.01, J024.03(x2), 
J024.05. 
Phase 5. 
J009.03, J009.04?, J024.03. 
Binchester, A458. 
J009.03, J024.03. 
Vindolanda. 
layer 314. 
D003.??, D003.04, F007.02, J009.04, J011.04, J024.03, J024.04(x4), 
Z006.01. 
layer 91. 
B001.01, B001.03(x2), -B001.04, D003.02(x2), D003.03(x4), F007.01, 
J021.01, J024.??, J024.03(x4), J024.05, J024.07(x4). 
layer 113. 
F007.01, J010.06, J024.03(x5). 
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Bewcastle. 
B001.04, D003.04, F007.03, J024.??, J024.01, J024.03(x6). 
Old Penrith, 1705. 
B001.01(x4), B001.02, B001.03, B001.04(x3), D002.01, D003.01, 
D003.02, J010.07, J016.03, J016.04, J018.08, J021.07, J021.11, 
J024.02, J024.03(x3). 
7.8. Dalesware forms from third century sites examined. 
Brough-on-Humber. 
Period VI. 
J001.01, J020.03. 
BII (4). 
J001.01, Z001.01. 
GII (13). 
J001.01(x3). 
7.10. Nene Valley forms from third century sites examined. 
Vindolanda. 
layer 91. 
C005.01, C006.04. 
594 
layer 113. 
0005.01, C005.02. 
Old Penrith 1705. 
0005.01(x2), C005.02(x4), C006.03. 
Bewcastle. 
C006.01. 
Greta Bridge. 
mid third century. 
C005.01, C005.02,2004.01. 
late third century. 
0005.01(x2), F003.03, J021.14. 
Binchester A458. 
C005.01,0006.03. 
Castleford 211. 
B004.01, C005.02, C006.04. 
Brough-on-Humber; third century. 
0005.02(x5). 
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8.1. Dalesware forms in fourth century groups examined. 
Castleford 260. 
J001.01(x2), J005.03?, 0003.01. 
York; Skeldergate well. 
J001.01(x2). 
Vindolanda 184. 
J001.01. 
Old Penrith - early fourth century. 
J001.01(x2). 
Binchester. 
J004.04. 
Beadlam - all late fourth century. 
J001.01(x2). 
Poltross Burn Period III. 
J001.01(x2). 
Brough-on-Humber. 
Period VIII. 
J001.01(x2). 
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BII (4). 
J001.01, Z001.01. 
FXII (3). 
B001.09, J001.01(x2). 
8.2.1. The incidence of BB1 forms on early fourth century sites 
examined. 
Vindolanda 184. 
D002.01, J024.03(x3), J024.07. 
Old Penrith; early fourth century. 
B001.04(x2), B005.02(x6), 8005.08(x3), D002.01(x4), D003.01, 
3024.02(x14), J024.03(x2). 
Binchester; phase 8b. 
B001.04(x4), B001.05, B005.02(x2), ' D002.01(x3), 1024.03, 
1024.04(x3), 1024.05. - 
Greta Bridge early fourth century. 
B005.01, B005.02, B005.08, D002.01(x2) D002.04(x2), J024.?? (x2), 
J024.02(x3), J024.05. 
York; Skeldergate well. 
B001.04, B005.02(x2). 
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Brough-on-Humber. 
BII (4). 
D003.03(x2). 
8.3.1. Holme forms in fourth century groups examined. 
Brough- on-Humber. 
Period VIII. 
Fabric 200; J009.13. 
Fabric 165; J020.03. 
BII (4). 
f 
Fabric 200; B001.02, B005.02, D002.01, J009.03(x2), J015.08, 
J018.01, Z001.01. 
Fabric 165; D003.03. 
FXII (3). 
Fabric 200; B005.02(x6), B006.05, F001.02, F007.01, F008.01, 
F010.05, J009.09, J012.??, J012.01, J013.01, J015.02, J018.01, 
J021.02. 
Fabric 165; B005.02(x4), B006.05(x2), 0006.01(x2), F008.04, J009.09, 
J015.02, J015.04, J015.08. 
Malton mid fourth century. 
J009.03. 
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Beadlam. 
North of North Wing C. 
D002.01, J009.01. 
DXIISE Occupation. 
B005.02. 
All late fourth century. 
B005.02(x13), D002.01, D003.01(x2), D008.03,0006.01, F002.03, 
F008.01(x3), J009.01(x2), J011.01(x2), J012.01, J013.03, J015.02, 
J015.04, J015.08(x3), J020.01,3021.07. 
Castleford 260. 
J015.06. 
York; Skeldergate well. 
F008.03, J012.02. 
8.4.1. Calcite gritted ware forms in earlier fourth century groups 
examined 
Malton mid fourth century. 
B005.03, B005.06, D002.01(x5), J003.01(x3), J005.02(x2), J009.03, 
J010.01(x3), J013.02, J013.04, J022.02,2002.02. 
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Beadlam. 
DXIISE Occupation. 
B005.11, D002.01(x2), J003.11, J005.01, J009.03(x2), J010.01, 
J010.05, J013.02, J013.03(x2), J013.04, Z007.01. 
Brough-on-Humber. 
FXII (3). 
D002.01(x2), J013.03. 
Castleford 260. 
J010.01. 
York; Skeldergate well. 
D002.01(x2), J005.01, J009.03(x3), J013.03(x2). 
Greta Bridge early fourth century. 
J009.03. 
Binchester; phase 8b. 
J005.03, J009.03, J010.01(x2), J013.02(x3). 
Vindolanda 184. 
J010.03, J013.??, J013.03, J013.04(x2). 
Bewcastle. 
J009.03. 
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8.5. The incidence of forms in fabric 281. 
Brough-on-Humber. 
GII (13). 
D002.01. 
Period VIII. 
J003.01. 
BII (4). 
B001.02, D002.01. 
FXII (3). 
B001.03, B013.01(x2), 0006.01, D002.01(x8), J001.01(x2), J009.03, 
J010.04, J024.03,2001.01. 
8.6.1 The incidence of gritted ware forms in groups examined. 
Beadlam. 
Ditch. 
Fabric, 188; J004.04. 
North of North Wing B. 
Fabric 188; J003.01, J003.13, J004.12, J004.13. 
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LB courtyard under yard. 
Fabric 010; J004.04. 
Fabric 188; J004.04. 
All late fourth century. 
Fabric 010; J004.04(x5), J005.07, Z003.01. 
Fabric 182; J003.06, J003.09, J004.04, J021.01. 
Fabric 188; J002.03, J004.01(x2), J004.04(x14), J004.12(x3), J004.14, 
J005.07, J006.01. 
Huntcliff. 
Fabric 118; J004.04. 
Greta Bridge. 
early fourth century. 
Fabric 182; D002.01, J004.07(x2). 
Old Penrith; early fourth century. 
Fabric 118; J004.04 
8.7 The incidence of forms in fabric 282 in fourth century groups 
examined. 
Beadlam. 
DXIISE Occupation. 
D002.01. 
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All late fourth century. 
J003.07, J004.05, J005.01(x16), J005.03, J005.04(x2), J010.03, 
J013.03, J015.09, J015.10, J016.06. 
East Heslerton. 
D002.01, J005.01(x2). 
8.8.1. The incidence of Crambeck forms in earlier fourth century 
groups examined. 
Malton; mid fourth century. 
Fabric 001; B005.01, B005.02(x5), C006.01, D002.01(x2), D003.01(x2), 
F007.01, J002.01, J012.05. 
Fabric 011; M002.01. 
Hutton Ambo. 
Fabric 001; B003.01, B005.02(x6), D001.04(x2), D002.01(x2), F008.03, 
J009.02, J009.03, J015.01, J021.07. 
Fabric 037/038; B003.??. 
Fabric 011; M002.01. 
Beadlam. 
DXIISE Occupation. 
Fabric 001; B005.??, B005.01, B005.02(x3), B006.02, D002.01(x2), 
D003.01, J003.08, J009.02, J015.01, J021.01. 
Fabric 011; M002.??, M002.01, M003.03. 
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Brough-on-Humber. 
Period VIII. 
Fabric 001; B005.??. 
FXII (3). 
Fabric 001; D002.01, J015.08. 
Fabric 037/038; B003.01(x2), B006.04. 
York; Skeldergate well. 
Fabric 001; B005.01, B005.02, D001.04, D002.01 (x2), J010.07. 
Fabric 011; M003.14 
Castleford 260. 
Fabric 001; B001.02, B005.02, D001.04. 
Greta Bridge; early fourth century. 
Fabric 001; B005.02. 
Fabric 011; M003.09?. 
Vindolanda 184. 
Fabric 001; B005.02(x2), 0006.01, D003.01, FO06.02. 
Bewcastle. 
Fabric 001; 0006.01, D002.01. 
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8.9. The incidence of Crambeck forms in late fourth century groups 
examined. 
Beadlam all late fourth century. 
Fabric 001; B003.01(x3), B003.02(x3), B005.01(x3), B005.02(x72), 
B006.02, B007.04, B005.03,0006.01(x2), D001.04(x4), D002.01(16), 
D002.02, D003.01(x17), D003.03, D003.05, F004.03, F007.01, F007.03, 
F010.05, J009.02(x21), J011.03(x7), J013.01, J013.03, J015.01(x4), 
J015.02, J018.01, J018.02, J020.04, J021.01(x9), J021.02, J21.04, 
Z008.01. 
Fabric 037/038; B003.04(x4), B005.02(x2). 
Fabric 011; B003.01(x4), B003.02(x2), B003.06, D004.02(x2), 
D009.02(x3), D009.03(x4), D010.01, J021.07,14002.01(8), 
M003.01(xlO), M003.02(x2), 14005.01(x3), M007.01(x2). 
East Heslerton. 
Fabric 001; B005.02(x2), J009.02. 
Fabric 011; M002.01. 
Huntcliff. 
Fabric 001; B003.01, B005.02, D003.01, D012.02, J009.02(x4), 
J011.01(x3). 
Fabric 037/038; B003.01, B010.02, D009.02. 
Fabric 011; B003.02, B010.02, D009.02(x5), D009.03, M003.01. 
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Piercebridge. 
HS77EW. 
Fabric 001; B003.01, B005.02(x3), D003.01(x3), F003.01, F008.04, 
J009.01. 
Fabric 037/038; B003.01, B003.04, D002.04. 
Fabric 011; B003.01(x4), C006.01, M005.01. 
HS77EX. 
Fabric 001; B003.02, B005.02(x12), D002.01, D003.01(4), F003.03, 
J009.02, J021.01. 
Fabric 037/038; B003.01, B003.04, D002.01(x2), M003.15. 
Fabric 011; B003.01(x3), B005.02(x2), M002.01, M003.01. 
Binchester. 
A2037. 
Fabric 001; B005.02(x13), 0006.01, D002.01, D002.06, D003.01(x6), 
J009.02(x5), J010.01, J021.01(x2), J021.07, Z010.01. 
Fabric 011; B003.01(x2), D009.02, D010.01, M002.01, M003.01(xS), 
Z002.01?. 
A1884. 
Fabric 001; B005.02(x5), D002.01, D002.07, D003.01(x5), D003.02, 
J009.03, J011.01, J020.02, Z001.01, Z005.01. 
Fabric 037/038; B003.01(x2). 
Fabric 011; D008.01, D009.02(x2), M002.01(x2), M003.01. 
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A2068. 
Fabric 001; B005.02(x7), C006.01, D002.01, D002.05, D003.01(x5), 
F009.01, F010.05, J009.02(x4), J020.04, J021.03. 
Fabric 011; D011.01, M003.01, M003.06. 
Poltross Burn. 
Fabric 001; B005.02, D002.01(x2), D003.01. 
Fabric 011; M002.01? 
Old Penrith. 
Fabric 001; B005.02(x6), D001.04. 
Fabric 011; B003.01(x2). 
8.10. The incidence of calcite gritted ware (fabric 009) forms in 
the late fourth-early fifth century groups examined. 
Beadlam all late fourth century. 
B005.11, B005.02(x2), D002.01(x12), D002.06(x3), D003.02(x2), 
D012.03(x2), F003.01, J001.02, J002.04, J003.01(x18), J003.02(x2), 
J003.04, J003.05, J003.12, J004.02, J004.11, J005.01(x247), 
J005.02(x2), J005.03, J005.04(x6), J005.05(x6), J005.08(x4), 
J005.09,3005.10, J009.03(x13), J009.10, JO10.01(x9), J010.03(x20), 
J010.05(x3), J013.02(x20), J013.03(x3), J013.04(x2), 3015.08, 
J015.09(x7), J015.11, J016.07, J016.08,3024.02, J024.03. 
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East Heslerton. 
D002.01, J005.01(xll), J005.04, J009.03(x4), J013.02(x2). 
Huntcliff. 
D002.01, J004.05, J005.01(x12), J015.09. 
Piercebridge. 
HS77EW. 
D002.01(x2), J004.05, J005.01(x15), J005.02, J005.05(x2), J009.03, 
J010.03, J013.03. 
HS77EX. 
D002.01, J005.01(x20), J005.02, J005.05,3009.03, J010.03(x4), 
J013.02, J029.03, J030.01. 
Binchester. 
A2037. 
B005.01, D002.01, J004.03(x2), J005.01(x14), J005.02(x2), 
J009.03(x5), J010.01, J010.02, J015.09(x3). 
A2068. 
J004.05, J005.01(x5), J005.02, J005.04, J009.03(x2), J010.01, 
J010.03(x5). 
A1884. 
J005.01(x20), J005.02, J005.05, J009.03, J010.02(x2), J010.03(x7). 
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Poltross Burn; Period III. 
J003.01, J005.01(xll), J009.03(x4), J009.10, J010.01(x3), J010.02, 
J013.03. 
Old Penrith late fourth century. 
J005.01(x3), J005.03(x2), J010.03, J013.02. 
8.11. The incidence of forms of fabric 007/168 in fourth century 
groups. 
Beadlam. 
DXIISE Occupation. 
J005.03. 
All late fourth century. 
J005.01(x8), J005.03(x10), J005.05, J009.01, J009.03(x2), J010.01, 
J013.04(x2), J020.05(x2), J020.09, J021.01,3024.04, J031.02. 
East Heslerton. 
J005.01(x2). 
Huntcliff. 
J005.01(x2), J005.03(x4), J005.04, J013.04. 
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Piercebridge. 
HS77EW. 
J005.03(x3), J020.05. 
HS77EX. 
J005.03(x2), J013.02. 
Binchester. 
Phase 8b. 
J005.03. 
A1884. 
0 
J005.01, J005.03. 
A2037. 
D002.01, J005.01, J005.03(x3). 
A2068. 
J005.03, J010.03. 
8.13. The incidence of Nene Valley forms in fourth century groups 
examined. 
Beadlam. 
DXIISE Occupation. 
D006.01(x2). 
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All late fourth century. 
B003.04, B004.01, B005.02(x7), C005.02, C005.03,0006.01(x3), 
0006.03(x2), C006.04, D002.01(x3), F007.05, Z004.01. 
Malton; mid fourth century. 
C006.01, C006.02. 
Brough-on-Humber. 
FXII (3). 
C006.03, Z004.01. 
BII (4). 
C0063.03,2004.01. 
Castleford 260. 
0006.01(x2). 
York; Skeldergate well. 
C006.01. 
Piercebridge. 
HS77EW. 
C005.01, D002.01, F021.16. 
HS77EX. 
8005.02(x2), 0006.01, F003.05. 
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Binchester. 
Phase 8b. 
B004.01, B011.01,0005.01,0005.02(x2), 0006.01. 
A2068. 
B005.02(x2), C005.02,0006.01, D002.01. 
A2037. 
B004.01, B005.02,0006.03, D002.04(x2), F006.03, Z004.01(x2), 
zolo. 01. 
A1884. 
B003.01(x2), 0005.02(x3), D002.01, Z004.01(x2). 
Greta Bridge; early fourth century. 
Nene Valley material not available for study. 
Vindolanda 184. 
C005.01,0005.02(x3), 0006.01. 
Old Penrith early fourth century. 
C005-01, C006.03. 
612 
Ann"wtnrv t 
List of sites shown in distribution maps. 
MAP 7.1 
The distribution of Dales types in northern England. 
1 Brough-on-Humber (personal inspection). 
2 Brantingham (Liversage J., Smith D. J. and Stead I. M. 1973, 
No. 10). 
3 Hasholme and Bursea (personal inspection; Hicks J. D. and 
Wilson J. A. 1975, Nos. 38-40). 
4 Rudston (Rigby V. 1980, Nos. 59-60,69 and 84-5). 
5 Foxholes near Butterwick (personal inspection). 
6 Malton (Mitchelson N. 1964, No. 15). 
7 Beadlam (personal inspection). 
8 York (Trentholme Drive; Wenham L. P. 1968, Figs. 23 and 24; 
Skeldergate and Bishophill; Perrin J. R. 1981, Nos. 402,503-4 
and 549). 
9 Dalton Parlours (personal inspection). 
10 Aldborough (Jones M. U. 1971, Nos. 5,22,25,31,33-4 and 
36). 
11 ? Brough by Bainbridge (Droop-J. P. 1931, No. 170). 
12 Ambleside (Collingwood R. G. 1915, No. 68). 
13 Chester-le-Street (personal inspection). 
14 South Shields (Dore J. N. and Gillam J. P. 1979, No. 199; Dore 
J. N. 1983, Nos. 304 and 837). 
15 Benwell (Petch J. A. 1927, Nos. 42-3 and 45). 
16 Ebchester (Reed A., Harper R. and Dodds W. 1964, Fig. 6, Nos. 
14-17). 
17 Carrawburgh (Gillam J. P. 1951a). 
18 High House (Newbold P. 1913a, No. 116). 
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Map 7.2 
The distribution of Gillam type 151. 
1 South Shields (Dore J. N. and Gillam J. P. 1979, Nos. 197 and 
291). 
2 Marden, Tynemouth (Jobey G. 1963, Fig. 6). 
3 Gunner Tower, Newcastle (Gillam J. P. 1967, No. 1). 
4 Benwell (Petch J. A. 1927, Nos. 11 and 33-35). 
5 Rudchester (Hull M. R. 1925, Nos. 102-3). 
6 Chester-le-Street (personal inspection). 
7 Binchester (personal inspection). 
8 Beadlam (personal inspection). 
9 Halton Chesters (Jarrett M. G. 1959, Group E). 
10 Carrawburgh (Charlesworth D. 1967, No. 2; Smith D. J. 1962, 
Fig. 2, No. 4). 
11 Corbridge (Richmond I. A. and Gillam J. P. 1955, Fig. 6, 
No. 20). 
12 Housesteads (Wilkes J. J. 1961, Fig. 1, No. 3). 
13 Vindolanda (personal inspection). 
14 Whitley Castle (Shaw N. 1959, No. 8) 
15 Brough under Stainmore (Webster P. V. 1977, No. 53). 
16 Lanchester (Steer K. A. 1939, No. 52). 
MAP 7.3 
The distribution of Knapton type jars in northern England. 
1 Malton (Corder P. 1930, Fig. 6, Nos. 9,16 and 18, Fig. 14, 
No. 19; Mitchelson N. 1964, No. 148). 
2 Langton (Corder P. and Kirk J. L. 1932, Fig. 27, Nos. 126- 
134). 
3 Garton Slack (Brewster T. C. M. 1981, Fig. 150, Nos. 5,12 and 
14, Fig. 151, Nos. 19 and 24, Fig. 153,53,61 and 66-7, Fig. 
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154, Nos. 81,86,92 and 94). 
4 Brough-on-Humber (Wacher J. 1969, Nos. 210, ? 337,385,492 
and 550). 
5 Winterton (Rigby V. and Stead I. M. 1976, No. 91). 
6 Elmswell (Corder P. 1940, Fig. 10, Nos. 53-55, Fig. 11, 
No. 8; Congreave A. L. 1937, Fig. 3, No. 3). 
7 Crossgates (Corder P. Rutter J. G. and Duke G. 1958, type 2). 
8 Seamer (Mitchelson N. 1950). 
9 Beadlam (personal inspection). 
10 Rudston (Rigby V. 1980, ? 10,11,13-14,49,53,57,66-8,72, 
95,110,113,127,137,149,153,160,161,166,167-8,170- 
1,199,205-6,212-13,220-21 and 250-3; Steer K. A. 1938, No. 
14). 
11 ? Grosmont (Hayes R. H. 1967-70, No. 1). 
12 Aldborough (Myres J. N. L., Steer K. A. and Chitty A. M. H. 1959, 
Fig. 10, No. 19). 
13 Wetherby (Kitson-Clark M. 1934, Nos. 26-7). 
14 Greta Bridge (personal inspection). 
15 Old Durham (Richmond I. A., Romans T. and Wright R. P. 1944, 
Fig. 6, No. 1). 
16 Benwell (fetch J. A. 1927, No. 40). 
17 Chapel House Milecastle (Birley E. 1930a, No. 68). 
18 Corbridge (Birley E. and Richmond I. A. 1938, Fig. 7, No. 13). 
19 West Grindon turret (Charlesworth D. 1973, No. 21). 
20 Papcastle (Charlesworth D. 1965, Fig. 3, No. 6). 
MAP 8.1. 
The distribution of Dalesware in northern England. 
Brough-on-Humber (personal inspection; Wacher J. 1969, 
Nos. 349,358,361,368,431,505,554,593,630,642 and 
647; Corder P. and Romans T. 1937). 
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2 Faxfleet (Loughlin N. 1977). 
3 Welton Wold (Loughlin N. 1977). 
4 Brantingham (Stead I. M., Liversage J. and Smith D. J. 1973, 
No. 9). 
5 North Newbald (Corder P. 1941, p. 231). 
6 Keyingham, Humberside (Loughlin N. 1977). 
7' Littlethorpe, Rudston (Loughlin N. 1977, note 31). 
8 Drax (Loughlin N. 1977). 
9 Castleford (personal inspection). 
10 Cawood (Corder P. 1935a, Nos. 24-5). 
11 York (Skeldergate; Perrin J. R. 1981, Nos. 279,284 and 501; 
Trentholome Drive; Gillam J. P. 1968, Fig. 24, Nos. 1-9). 
12 Wetherby (Kitson-Clark M. 1934, No. 25). 
13 Newton Kyme (Radley J. 1968). 
14 Ilkley (Woodward A. M. 1924-6, Nos. 42-3). 
15 Aldborough (Myres J. N. L., Steer K. A. and Chitty A. M. H. 1959, 
Fig. 10, No. 16, ? Fig. 12, No. 5). 
16 Well (Gillam J. P. 1951a). 
17 Catterick (Gillam J. P. 1951a). 
18 Piercebridge (personal inspection). 
19 Binchester (personal inspection). 
20 South Shields (Dore J. N. and Gillam J. P. 1979, No. 169). 
21 ? Chapel House milecastle (Barley E. B. 1930, No. 68). 
22 Rudchester (Gillam J. P. 1951a). 
23 ? Halton Chesters (Jarrett M. G. 1959, Groups E and F). 
24 ? Corbridge (Richmond I. A. and Cillam J. P. 1955, No. 21). 
25 Housesteads (Leach J. and Wilkes J. J. 1962, Fig. 4, No. 13). 
26 Vindolanda (personal inspection; Birley E. B. 1931, Fig. 3, 
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No. 1). 
27 Poltross Burn (personal inspection; Gibson J. P. and Simpson 
F. G. 1911, Plate V, No. 16). 
28 Old Penrith (personal inspection). 
29 Watercrook (Gillam J. P. 1951a). 
30 Burrow in Lonsdale (Gillam J. P. 1951a). 
31 Lancaster (Gillam J. P. 1955, Map 8). 
32 ? Brough by Bainbridge (Droop J. P. 1931, No. 170 etc. ). 
33 Ribchester (Gillam J. P. 1955, Map 8). 
34 Settle (Gillam J. P. 1951a). 
MAP 8.2. 
The distribution of Holme-on-Spalding moor type wares in 
northern England. 
Brough-on-Humber (personal inspection; Wacher J. 1969, 
Nos. 303,305,308,311,333,345-6,356,362-3,448,450, 
455,482,488,495,499,501-2,507,553,559,562,565,568, 
577-8,583,592,595-6,602,605-6,616-17,619,621-2,624- 
6,631-4,637-40,644,656,658,661-2,664-68,718-22,724, 
726-8,730-32,736-38,745-7,750-1,753 and 755). 
2 Brantingham (Stead I. M. Liversage J. and Smith D. J. 1973, 
Nos. 2-5). 
3 Shipton Thorpe (Millett M. pers comm. ). 
4 Garton Slack (Brewster T. C. M. 1981, Fig 154, No. 62). 
5 Langton (Corder P. and Kirk J. L. 1932, Fig. 4, Nos. 1 and 11, 
Fig. 25, No. 35, Fig. 26, Nos. 69,91 and 93-4). 
6 Beadlam (personal inspection). 
7 Knapton (Corder P. and Kirk J. L. 1932, p. 96). 
8 ? Scarborough (Hull M. R. 1932, type 16). 
9 Rudston (Rigby V. 1980, Nos. 65,80-81,164,181-5,223,227- 
47,276-77,282-83,294-95 and 297-98). 
10 York, Skeldergate (personal inspection; Perrin J. R. 1981, No. 
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302). 
11 Catcote, Hartlepool (personal inspection). 
12 South Shields (Dore J. N. and Gillam J. P. 1979, No. 225). 
13 Denton Hall turret (Birley E. B. 1930a, No. 20). 
14 Ebchester (Reed A., Harper R. and Dodds W. 1964, Fig. 5, 
No. 8). 
15 Carrawburgh (Gillam J. P. 1972, No. 64; Gi11am J. P. 1951, 
No. 44). 
16 Corbridge (Richmond I. A. and Gillam J. P. 1955, No. 27). 
17 Housesteads (Bosanquet R. C. 1904, Fig. 55, No. 8). 
18 Carpow (Birley E. and Dodds we 1965, Fig. 8, No. 1). 
MAP 8.3. 
The distribution of earlier fourth century type calcite 
gritted wares. 
1 Malton (Mitchelson N. 1964, No. 179; personal inspection). 
2 Beadlam (personal inspection). 
3 Brough-on-Humber (personal inspection; Wacher J. 1969, 
Nos. 636,648 and 691). 
4 Rudston (Rigby V. 1980, Nos. 255,257-260,262,270-74,279- 
80 and 304-6). 
5 Langton (Corder and Kirk P. 1932, Fig. 4, Nos. 5-10, gig. 270 
Nos. 111-13 and 115-16). 
6 Crossgates (Corder P. in Rutter J. G. and Duke C. 1958, types la and le). 
7 Elmswell (Congreave A. L. 1938, Fig. 7, No. 27). 
8 East Heslerton (personal inspection). 
9 Scarborough (Hull M. R. 1932, type 24). 
10 Filey, Long Whins (Hull M. R. 1932, type 24). 
11 York (Davygate; Wenham L. P. 1962, Nos. 126-7-sand "129; Lov Petergate; Wenham L. P. 1912 No. 2). 
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12 Womersley (Pirrie E. 1968). 
13 Castleford (personal inspection). 
14 Ilkley (Woodward A. M. 1924-26, Nos. 36-38). 
15 Catcote, Hartlepool (Millett M. pers. comm. ). 
16 Wetherby (Kitson-Clark M. 1934, No. 17). 
17 Piercebridge (Harper R. P. 1964, No. 13; Keeney G. S. "1939, Fig. 
7, No. 1). 
18 Binchester (personal inspection). 
19 Scargill Moor (Richmond I. A. and Wright R. P. 1948-51, No. 1). 
20 Greta Bridge (personal inspection). 
21 Chester-le-Street (personal inspection). 
22 South Shields (Dore J. N. and Gillam J. P. 1979, No. 204). 
23 Chapel House milecastle (Birley E. 1930a, No. 69). 
24 Rudchester (Hull M. R. 1925, Nos. 116 and ? 164). 
25 Apperley Dene (Greene K. 1978, Nos. 24-8). 
26 Carrawburgh (Gillam J. P. 1972, Nos. 96-7). 
27 Vindolanda (personal inspection; Birley E. B. 1931, Fig. 3, 
No. 3). 
28 Poltross Burn (personal inspection; Gibson J. P. and Simpson 
F. G. 1911, Plate V, Nos. 7-12). 
29 Birdoswald (Birley E. B. 1930b, type 20b). 
30 High House (Newbold P. 1913a, No. 122). 
31 Bewcastle (personal inspection). 
32 Bowness (Lockwood H. and Turner R. C. 1979, No. 28). 
33 Brough under Stainmore (Plowright G. and Webster P. 1977, No. 
12). 
34 Brough by Bainbridge (Droop J. P. 1931, Nos. 174 and 186). 
35 Ravenglass (Lockwood H. and Turner R. C. 1979, Nos. 107 and 
109). 
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36 Watercrook (Lockwood H. 1979, No. 311). 
37 Cardurnock (Simpson F. G. and Hodgson K. S. 1947, Nos. 16 and 
17). 
38 Manchester (Hopkinson J. P. 1909, Plate 82). 
MAP 8.4. 
The distribution of fabric 282 in northern England. 
1 Beadlam (personal inspection). 
2 East Heslerton (personal inspection). 
3 Rudston (Rigby V. 1980, Nos. 308-20). 
4 Seamer (Mitchelson N. 1950, No. 20). 
5 Filey, Carr Naze (Hull M. R. 1932, type 22). 
6 Scarborough (Hull M. R. 1932, type 22). 
7 Cawood (Corder P. 1935a, No. 12). 
8 ? Wetherby (Kitson-Clark M. 1934, No. 24). 
MAP 8.5. 
The distribution of Crambeck greyware in northern England. 
1 Malton (Mitchelson N. 1964, Nos 175 and 176; Corder P. 1930, 
Fig. 14, Nos. 12,13,27 and 29). 
2 Hutton Ambo (personal inspection). 
3 Langton (Corder P. and Kirk J. L. 1932, Fig. 4, Nos. 2 and 3, 
Fig. 14, Nos. 12-15 and 20, Fig. 15, Fig. 25, Nos. 30-33,36- 
45,48-9,51,56-7, Fig. 26,67,72,87,89 and 92). 
4 Beadlam (personal inspection). 
5 Seamer (Mitchelson N. 1950, Nos. 4-6 and 8). 
6 Crossgates (Corder P. in Rutter J. G. and Duke G. 1958, types 
11/1,13A, 14A and B, 15A, 20A/1,20B, and 28). 
7 Wykeham (Moore J. W. 1965). 
8 Elmswell (Congreave A. L. 1937, Fig. 3, No. 12; Congreave A. L. 
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1938, Fig. 5, No. 10, -Fig. 7, Nos. 13-15,17,21 and 22). 
9 Rudston (Rigby V. 1980, Nos. 76,217-8,265,278,281,293, 
295-6,299-300; Steer K. A. 1938, Nos. 7-9). 
10 Throlam (Corder P. and Shepard T. 1930, Fig. 9, No. 3). 
11 Brough-on-Humber (personal inspection). 
12 Winteringham (Dudley H. 1949, Fig. 56, No. 1). 
13 Garton Slack (Brewster T. C. M. 1981, Fig. 154 Nos. 78 and 87). 
14 Filey; Long Whins (Hull M. R. 1932, types 1,2,6,7 and 17). 
15 Filey; Carr Naze (Hull M. R. 1932, types 1,2,6,7 and 17). 
16 Scarborough (Hull M. R. 1932, types 1,2,5,6,7 and 17). 
17 Goldsborough (Hull M. R. 1932, types 1,2,6,7 and 17). 
18 Huntcliff (personal inspection; Hull M. R. 1932, types 1,2,6 
and 18). 
19 Lounsdale (Hayes R. H. 1975). 
20 Crayke, North Yorkshire (Hayes R. H. 1959, Nos. 11-13). 
21 York (Skeldergate and Bishophill; Perrin J. R. 1981, Nos. 535- 
44; Davygate; Wenham L. P. 1962, Nos. 59,90-91 and 95-96; 
cemeteries; R. C. H. M. 1962, H319.1; Low Petergate; Wenham L. P. 
1972, No. 4; Heslington; Carson R. A. G. and Kent J. P. C. 1971, 
Fig. 1). 
22 Cawood (Corder P. 1935a, Nos. 1-3,10,11 and 15). 
23 Castleford (personal inspection). 
24 Doncaster (Buckland P. pers. comm. ). 
25 Wetherby (Kitson-Clark M. 1934, Nos. 2-4). 
26 Aldborough (Myres J. N. L., Steer K. A. and Chitty M. 1959, Fig. 
12, No. 2). 
27 Ilkley (Woodward A. M. 1924-26, Plate XXXII, Nos. 65-9). 
28 Elsack (May T. 1911, Nos. 6 and 7). 
29 Manchester (Webster P. 1974, Nos. 219-21). 
30 Catterick (Gillam J. P. 1957b, Nos. 20,37-40,46 and 77-80). 
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31 Piercebridge (personal inspection; Keeney G. S. 1936, Fig. 3, 
iv; Keeney G. S. 1939, No. 11; Harper R. P. 1968, No. 6). 
32 Greta Bridge (personal inspection). 
33 Binchester (personal inspection). 
34 Chester-le-Street (personal inspection; Gillam J. P. and Tait 
J. 1968, Nos. 27-9,51 and 62). 
35 Apperley Dene (Greene K. 197 , Nos. 9,32'and 34). 
36 Corbridge (Bushe-Fox J. P. 1912, Nos. 71-2). 
37 South Shields (Dore J. N. and Gillam J. P. 1979,164,170-172, 
179,180,183,200,221?, 233,238,366; Dore J. N. 1983, Nos. 
243,640 and 818). 
38 Newcastle (Daniels C. and Gillam J. P. 1966, Nos. 4 and 5; 
Perrin J. R. 1974, Nos. 22,40,45,54 and 55). 
39 Benwell (fetch J. A. 1927, No. 16; Charlesworth D. 1960, 
Fig. 1, Nos. 1-4). 
40 Chapel House milecastle (Birley E. 1930, Nos. 60-61 and 63- 
64). 
41 Rudchester (Hull M. R. 1925, Nos. 40-9,73,77 and 91). 
42 Cheaters (Harper R. P. 1961, Fig. 1). 
43 Carrawburgh (Smith D. J. 1962, Group F, No. 9; Gillam 
J. P. 1972, Nos. 59 and 115-6). 
44 Housesteads (Charlesworth D. 1975, No. 8; Charlesworth D. 19 
, Fig. 
3, No. 21; Wilkes J. J. 1961, Fig. 2, Nos. 3,4,9,10 
and 51). 
45 Vindolanda (personal inspection). 
46 Poltross Burn (personal inspection; Gibson J. P. and Simpson 
F. G. 1911, Plate V, Nos. 18-22 ). 
47 Birdoswald (Birley E. 1930, Nos. 25,86-8 and 94-6). 
48 High House (Newbold P. 1913a, No. 105). 
49 Bewcastle (personal inspection; Hodgson K. S. and Richmond 
I. A. 1930, No. 20). 
50 Carlisle (Tullie House; Gillam J. P. 1964, No. 50; May T. and 
Hope L. E. 1916-17, No. 155). 
622 
51 Whitley Castle (Shaw N. 1959, Nos. 12 and 16). 
52 Old Penrith (personal inspection). 
53 Kirkby Thore (Charlesworth D. 1964, Fig. 7, Nos. 4 and 7). 
54 Brough under Stainmore (Simpson W. G. 1962, Nos. 7 and 9). 
55 Maryport (Greene K. 1976, Fig. 11, Nos. 26 and 27). 
56 Burrow Walls (Gillam J. P. in Bellhouse R. L. 1955, No. 83). 
57 Papcastle (Charlesworth D. 1965, Fig. 3, No. 3, Fig. 4, 
No. 5). 
58 Ambleside (Haverfield F. J. and Collingwood R. G. 1914, No. 1, 
Collingwood R. G. 1915, No. 8 and 12). 
59 Cardurnock (Simpson F. G. and Hodgson K. S. 1947, No. 42). 
60 Ravenglass (Lockwood H. and Turner R. C. 1979, Nos. 103-5). 
61 Watercrook (Lockwood H. 1979, Nos. 240 and 330). 
MAP 8.6. 
The distribution of later fourth century Crambeck parchment 
ware types. 
1 Malton (Mitchelson N. 1964, Nos. 183-4; Corder P. 1930, 
Fig. 14, Nos. 9 and-10). 
2 Langton (Corder P. and Kirk J. L. 1932, Fig. 14, Nos. 7,16 
and 21-22, Fig. 25, Nos. 52-4,60 and 62-66). 
3 Beadlam (personal inspection). 
4 Bursea (personal inspection). 
5 Brough-on-Humber (Wacher J. 1969, Nos. 659 and 764-74; Corder 
P. 1935b, Fig. 7, No. 11). 
6 Seamer (Mitchelson N. 1950, Nos. 1-3 and 7). 
7 Crossgates (Corder P. in Rutter J. G. and Duke G. 1958, types 
17B, 18,19,21/1,22/1, and 23). 
8 Rudston (Rigby V. 1980, Nos. ? 145 and 289-291). 
9 Elmswell (Corder P. 1940, Fig. 11, No. 14; Congreave 
A. L. 1938, p. 32 and Nos. 5-9). 
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10 York (Bishophill; Perrin J. R. 1981, Nos. 545 and 594-98; 
Skeldergate; Perrin J. R. 1981, Nos. 593 and 599; Blossom 
Street; Wenham L. P. 1965, Fig. 5, No. 6; Davygate; Wenham 
L. P. 1962, Nos. 114 and 176). 
11 Cawood (Corder P. 1935a, No. 9). 
12 Winterton (Rigby V. and Stead I. M. 1976, No. 27). 
13 Wetherby (Kitson-Clark M. 1934, No. 12). 
14 Ilkley (Woodward A. M. 1924-6, Plate XXIX, Nos. 21 and 22, 
Plate XXXII, Nos. 76-9). 
1 
15 Elsbck (May T. 1911, Nos. 19 and 28-29). ` 
16 Aldborough (Jones M. U. 1971, No. 122). 
17 Filey, Carr Naze (Hull M. R. 1932, types 6 and 10). 
18 Filey, Long Whins (Hull M. R. 1932, types 6 and 10). 
19 Scarborough (Hull M. R. 1932, types 6,8, 10,11 and 14). 
20 Goldsborough (Hull M. R. 1932, types 6,8 and 11). 
21 Huntcliff (personal inspection; Hull M. R. 1932, types 6 and 
8). 
22 Well (Gilyard-Beer R. 1951, No. 74). 
23 Catterick (Gillam J. P. 1957b, Nos. 52-64). 
24 Piercebridge (Keeney G. S. 1950, No. 6; personal inspection). 
25 Binchester (personal inspection). 
26 Chester-le-Street (personal inspection; Gillam J. P. and Tait 
J. 1968, No. 63). 
27 Ebchester (Jarrett M. G. 1960, No. 10). 
28 South Shields (Dore J. N. and Gillam J. P. 1979, Nos. 228-9, 
239-42,252,254-5,317,374-5, and 383-5; Dore J. N. 1983, 
No. 515). 
29 Catcote (Millett pers. comm. ). 
30 Wallsend (Welsby D. A. 1982, Map 2). 
31 Newcastle (Welsby D. A. 1982, Map 2). 
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32 Benwell (Welsby D. A. 1982, Map 2). 
33 Rudchester (Hull M. R. 1925, Nos. 78 and 85-88; Birley 
E. B. 1954). 
34 Corbridge (Bushe-Fox J. P. 1912, Fig. 8, No. 109). 
; Richmond I. A. and Gillam J. P. 1955, No. 32; Gillam 
J. P. 1959, type 298). 
35 Haltonchesters (Jarrett M. G. 1959, Group D). 
36 Chesters (Welsby D. A. 1982, Map 2). 
37 Tower Tye milecastle (Welsby D. A. 1982, Map 2). 
38 Carrawburgh (Gillam J. P. 1972, Nos. 90 and 119-20; 
Charlesworth D. 1967, No. 10; Smith D. J. 1962, Group F, 
No. 8). 
39 Housesteads (Charlesworth D. 1975, Nos. 9 and 27; Leach 
J. and Wilkes J. J. 1962, Fig. 4, Nos. 10-11; Wilkes 
J. J. 1961, Nos. 13 and 87; Charlesworth D. 1976, Fig. 3, 
No. 9). 
40 Vindolanda (Birley E. B. 1931, No. 4). 
41 Winshields milecastle (Welsby D. A. 1982, Map 2). 
42 Poltross Burn (Gibson J. P. and Simpson F. G. 1911, Plate IV, 
No. 33; personal inspection) 
43 Birdoswald (Birley E. B. 1930, Nos. 14-17,50 and 97-99). 
44 Carlisle (Tullie House; Gillam J. P. 1964, No. 8). 
45 Bowness on Salway (Lockwood H. and turner R. C. 1979, No. 37). 
46 Maryport (Greene K. 1976, Fig. 11, No. 24, Fig. 12, Nos. 40-1 
and 48). 
47 Burrow Walls (Gillam J. P. 1955, No. 5). 
48 Papcastle (Charlesworth D. 1964, Fig. 6, Nos. 13 and 14). 
49 Old Penrith (personal inspection). 
50 Cardurnock (Simpson F. G. and Hodgson K. S. 1947, No. 41). 
51 Brougham (Welsby D. A. 1982, Map 2). 
52 Ravenglass (Lockwood H. and Turner R. C. 1979, Nos. 97-101). 
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53 Brough under Stainmore (Welsby D. A. 1982, Map 2). 
54 Ambleside (Haverfieid F. J. and Collingwood R. C. 1914, Nos. 12 
and 50; Collingwood R. G. 1915, Nos. 13 and 53; Collingwood 
R. G. 1921, Nos. 39 and 43). 
56 Low Burrow Bridge (Gillam J. P. 1951b, No. 32). 
57 Bainbridge (Droop J. P. 1931, Fig. 2, No. 100, Fig. 3, 
Nos. 114 and 118). 
58 Lancaster (Welsby D. A. 1982, Map 2). 
59 Manchester (Hopkinson J. P. 1909, Plate 67, No. 21A). 
60 Ribchester (Welsby D. A. 1982, Map 2). 
61 Chester (Welsby D. A. 1982, Map 2). 
MAP 8.7. 
The distribution of Crambeck redwares in northern England. 
1 Beadlam (personal inspection). 
2 Rudston (Rigby V. 1980, No. 180). 
3 Crossgates (Corder P. in Rutter J. G. and Duke G. 1958, type 
17a). 
4 ? Malton (Corder P. 1930, Fig. 6, No. 22). 
5 Brough-on-Humber (personal inspection). 
6 Crayke, North Yorkshire (Hayes R. H. 1959, No. 10). 
7 Langton (Corder P. and Kirk J. L. 1932, Nos. 58-9 and 61). 
8 ? Filey, Long Whins (Hull M. R. 1932, type 6). 
9 ? Filey, Carr Naze (Hull M. R. 1932, type 6). 
10 Scarborough (Hull M. R. 1932, type 6). 
11 ? Goldsborough (Hull M. R. 1932, type 6). 
12 Huntcliff (personal inspection). 
13 ? York, Skeldergate (Perrin J. R. 1981, No. 513). 
14 Catterick (Gillam J. P. 1957b, No. 45). 
626 
15 Piercebridge (personal inspection). 
16 Binchester (personal inspection). 
17 South Shields (Dore J. N. and Gillam J. P. 1979, No. 307). 
18 Rudchester (Hull M. R. 1925, No. 50). 
19 Birdoswald (Birley E. 1930b, Nos. 92-3). 
20 Papcastle (Charlesworth P. 1965, Fig. 4, No. 4). 
21 Ambleside (Collingwood R. G. 1915, No. 14). 
22 Cardurnock (Simpson F. G. and Hodgson K. S. 1947, No. 40). 
MAP 8.8. 
The distribution of late fourth century type calcite gritted 
wares. 
1 Malton (Mitchelson N. 1964, Nos. 180 and 194; Corder P. 1928, 
Fig. 14, Period 7, Nos. 1-3 and 15). 
2 Beadlam (personal inspection). 
3 Seamer (Mitchelson N. 1950, Nos. 15 and 22-24). 
4 East Heslerton (personal inspection). 
5 Rudston (Steer K. A. 1938, Nos. 1 and 4; Rigby V. 1980, 
Nos. 285-288,327-334 and 336-63). 
6 Crayke, North Yorkshire (Hayes R. H. 1959, Fig. 2, Nos. 3-5). 
7 Oswaldkirk, North Yorkshire (Radley J. 1968). 
8 Langton (Corder P. and Kirk J. L. 1932, Fig. 14, Nos. 1-2,7 
and 9, Fig. 27, Nos. 101-110). 
9 Elmswell (Congreave A. L. 1938, Fig. 7, No. 11; Corder 
P. 1940, Fig. 11, No. 13). 
10 Crossgates (Corder P. in Rutter J. G. and Duke G. 1958, type 
la). 
11 Lounsdale (Hayes R. H. 1975, p. 66, No. 7). 
12 Winterton (Rigby V. and Stead I. M. 1976, No. 166). 
13 Brough-on-Humber (Wacher J. 1969, Nos. 695-702). 
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14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
Thealby, Lincolnshire (Dudley H. 1949, Fig. 78). 
Flixborough, Lincolnshire (Dudley H. 1949, p. 175). 
? Lincoln (Coppack G. 1973, No. 63). 
Cawood (Corder P. 1935a, Nos. 19-20,22 and 23). 
York (Davygate; Wenham L. P. 1962, Nos. 94,104,106 and 132- 
135; Low Petergate; Wenham L. P. 1972, No. 3). 
Holme-on-Spalding Moor (Halkon P. 1983, Fig. 3, No. 3b). 
Wetherby (Kitson-Clark M. 1934, Nos. 19-20 and 23). 
Ilkley (Woodward A. M. 1924-26, Nos. 39-40). 
Elsack (May T. 1911, No. 14). 
Brough by Bainbridge (Droop J. P. 1931, Nos. 178,180,185 and 
192). 
Aldborough (Jones M. U. 1971, No. 115). 
Catterick (Gillam J. P. 1957b, Nos. 23-30). 
Piercebridge (Harper R. P. 1968, Nos. 16-18). 
Binchester (personal inspection). 
Huntcliff (Hull M. R. 1932, type 26). 
Goldsborough (Hull M. R. 1932, type 26). 
Scarborough (Hull M. R. 1932, type 26). 
Filey, Carr Naze (Hull M. R. 1932, type 26). 
Filey, Long Whins (Hull M. R. 1932, type 26). 
Chester-le-Street (personal inspection; Gillam J. P. No. 17). 
South Shields (Dore J. N. and Gillam J. P. 1979, Nos. 161 and 
207-11; Dore J. N. 1983, Nos. 291,657,913 and 966). 
Benwell (Petch J. A. 1927, Nos. 46-8). 
Denton Halle turret (Birley E. B. 1930a, No. 22). 
Chapel House milecastle (Birley E. B. 1930a, Nos. 70-72). 
Rudchester (Hull M. R. 1925, Nos. 123-4,126,128,130 and 
628 
132). 
39 Corbridge (Bushe-Fox J. P. 1912, No. 67; Richmond I. A. and 
Gillam J. P. 1955, Fig. 6, No. 33). 
40 Ebchester (Jarrett M. G. 1960, Nos. 9 and 11). 
41 Carrawburgh (Gillam J. P. 1972, Nos. 100-103). 
42 Housesteads (Wilkes J. J. 1961, Fig. 2, No. 1; Charlesworth D. 
1976, Fig 3, No. 20; Charlesworth D. 1975, Nos. 2,22 and 28- 
9). 
43 Vindolanda (Birley E. B. 1931, 'No. 3). 
44 Brough under Stainmore (Simpson W. G. 1962, No. 4; Webster 
P. 1977, No. 108; Plowright G. and Webster P. 1977, No. 8). 
45 Waitby (Webster R. A. 1972). 
46 Poltross Burn (personal inspection; Gibson J. P. and Simpson 
F. G. 1911, Plate V, Nos. 6 and 13-15). 
47 Birdoswald (Birley E. B. 1930b, type 20a). 
48 Carlisle (May T. and Hope L. E. 1916-17, No. 194; Tullie 
House; Gillam J. P. 1964, No. 49). 
49 Wreay Hall, Carlisle (Bellhouse R. L. 1953). 
50 Bowness on Salway (Lockwood H. and Turner R. C. 1979, Nos. 27 
and 110). 
51 Maryport (Greene K. 1976, Fig. 11, Nos. 6 and 21). 
52 Burrow Walls (Gillam J. P. 1955, No. 2). 
53 Papcastle (Charlesworth D. 1965, Fig. 4, No. 7). 
54 Ambleside (Haverfleld F. J. and Collingwood R. C. 1914). 
55 Low Borrow Bridge (Nilyard E. J. W. and Gillam J. P. 1951, 
Nos. 22-4 and 26). 
56 Ravenglass (Lockwood-H. and-Turner R. C. 1979, Nos. 106,113- 
16 and 119-21). 
57 Watercrook (Lockwood H. 1979, Nos. 233, 249 and 313-15). 
58 Cardurnock (Simpson F. G. and Hodgson K. S. 1947, Nos. 20-24). 
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MAP 8.9. 
The distribution of fabric 007/168 in the late fourth 
century. 
1 Malton (personal inspection). 
2 East Heslerton (personal inspection). 
3 Beadlam (personal inspection). 
4 Seamer (Mitchelson N. 1950, No. 21). 
5 Rudston (Rigby V. 1980, No. 307). 
6 Elmswell (Congreave A. L. 1938, Fig. 7, No. 12). 
7 Scarborough (Hull M. R. 1932, type 24). 
8 Filey, Carr Naze (Hull M. R. 1932, type 24). 
9 Goldsborough (Hull M. R. 1932, type 24). 
10 Huntcliff (personal inspection). 
11 Crayke, North Yorkshire (Hayes R. H. 1959, Fig. 7). 
12 York; Davygate (Wenham L. P. 1962, No. 83). 
York; Skeldergate (Perrin J. R. 1981, No. 481). 
13 Catterick (Gillam J. P. 1957b, No. 31). 
14 Piercebridge (personal inspection). 
15 Binchester (personal inspection). 
16 Chapel House milecastle (Birley E. 1930a, No. 67). 
17 Carrawburgh (Gillam J. P. 1972, No. 104). 
18 Birdoswald (Birley 1930b, No. 21). 
19 ? Ravenglass (Lockwood H. and Turner R. C. 1979, No. 124). 
20 Maryport (Greene K. in Jarrett M. G. 1976, Fig. 11, No. 23). 
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MAP 8.10. 
The distribution of southern shell-tempered ware in northern 
England. 
1 Wetherby (Kitson-Clark M. 1934, No. 30). 
2 Beadlam (personal inspection). 
3 Piercebridge (personal inspection). 
4 Binchester (personal inspection). 
5 Appletree turret (Newbold P. 1913a, No. 68). 
6 Mumrills (MacDonald G. 1928-29, Fig. 97). 
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